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Generate, for display on a client device, a graphical user
interface (GUI) comprising a content editor for defining
courseware including a first lesson

Receive user input including a pathway type selection
defining permissible pathway connections between
screen plugins of the first lesson

Receive user input including a selection of screen
plugins to be added to the first lesson
Receive user input including content definition that
defines content on a set of screens

Receive user input including path connection
information defining pathway connections between
screens corresponding to the selection of screen plugins

Receive user input including condition definition
information defining at least one condition for
navigating the pathway connection(s)

Generate learning course content based at least 1n part
on the user input
Transmit the learning course content to the client device

FIG. 12
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1900

1902 Generate, by a server, a graphical user interface

(GUI) for providing courseware on a client
device, the courseware including one or more
lesson(s)

Receive user input including a stitched screen

1904 request for a first lesson, a selection of screens,

content definition, path connection information,
and/or condition definition information

1906
Configure, based at least in part on the user input,

a stitched screen configuration

1908
Generate, based at least 1n part on the stitched

screen configuration, learning course content for
a learning application

FIG. 19
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7107 -] Generate, by a server, a graphical user interface
(GUI) for providing courseware on a client
device, the courseware including one or more
lesson(s)

7104 Recerve a lesson request that 1dentifies a first
lesson of the one or more lessons, the first lesson
including a set of stitched screens arranged 1n a
stitched screen configuration

2106~] Cause a rendering of at least a viewing window

portion of the set of stitched screens to display on
the GUI of the client device

2108 Receive, via the GUIL user input relative to

content on a first screen of the set of stitched
screens

2110
Determine a second screen of the first lesson
based on the user input
2112 Cause a rendering of the second screen stitched to
the first screen 1n response to a scroll request

FIG. 21
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2402
Generate, by a server, a graphical user interface for
providing courseware on a client device, the courseware
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Receive user input including scenario definition information
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2406
Generate, based at least in part on the scenario definition
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2408 .
Apply the at least one scenario to the lesson
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3500

5002 Generate a first graphical user interface (GUI) for
display on a content creator client device

Receive, from the content creator client device via
3504 the GUI, user input including the selection of a

plurality of plugins, relationships between plugins,
and at least one condition (e.g., rule, criteria, etc.)
for navigating selected plugins

3508 Transmit the learning course content

3506
Generate learning course content based at least 1n
part on the user input

FIG. 35
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PLUGIN SYSTEM AND PATHWAY
ARCHITECTURE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of priority from pro-
visional application No. 63/105,125, filed under the same
title on Oct. 23, 2020, the entire contents of which 1s
incorporated herein by reference.

TECHNICAL FIELD

This disclosure relates to the field of systems and methods
configured to create an educational content using a plugin
system, and to generate, 1n real time, a pathway architecture
to maximize learning potential.

SUMMARY

The disclosed technology relates to systems and methods
including one or more server hardware computing devices or
client hardware computing devices, communicatively
coupled to a network, and each including at least one
processor executing specific computer-executable nstruc-
tions within a memory that, when executed, cause the
system to: store a plurality of content plugins; generate a
graphical user interface (GUI) including components for:
selecting a subset of plugins, defining a relationship between
the plugins 1n the subset, and defimng a custom pathway
through the subset, including rules or conditions for navi-
gation; receive, from the content creator client device,
selection of the subset, the relationship, and the rule or
condition; and generate from the subset, relationship, and
rule or condition, and transmit to client devices for display,
a learning course content for a learning application.

In one aspect, a computing system for managing learning,
content 1s disclosed. The system comprises a database
configured to store: a set of screen plugins, and a server
comprising a computing device coupled to a communication
network and comprising at least one processor executing
instructions within a memory which, when executed, cause
the system to: generate, for display on a client device, a
graphical user iterface (GUI) comprising a content editor
for defining courseware, where the courseware includes a
first lesson; receive, via the communication network, user
input comprising: a pathway type selection, via the GUI,
selecting a pathway type for the first lesson, the pathway
type defining permissible pathway connections between at
least two screen plugins of the first lesson; a selection of
screen plugins, from the set of screen plugins, indicating a
subset of screen plugins to be added to the first lesson, each
screen plugin of the subset of screen plugins including at
least one screen; content definition, via the GUI, defining
content on each screen of the subset of screen plugins;
pathway connection information, via the GUI, defining one
or more pathway connections between the screens corre-
sponding to the subset of screen plugins 1n accordance with
the pathway type; and condition definition information, via
the GUI, defining at least one condition for navigating the
one or more pathway connections between the screens
corresponding to the subset of screen plugins; generate,
from the pathway type selection, the selection of screen
plugins, the content definition, the pathway connection
information, and the condition definition information, a
learning course content for a learning application; and
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2

transmit, via the communication network, the learning
course content to the client device.

In another aspect, a method for managing learming content
1s disclosed, the method including: generating, for display
on a client device, a graphical user interface (GUI) com-
prising a content editor for defining courseware, where the
courseware includes a first lesson; recerving, via a commu-
nication network, user input comprising: a pathway type
selection, via the GUI, selecting a pathway type for the first
lesson, the pathway type defining permissible pathway con-
nections between at least two screen plugins of the first
lesson; a selection of screen plugins, from a set of screen
plugins, indicating a subset of screen plugins to be added to
the first lesson, each screen plugin of the subset of screen
plugins including at least one screen; content definition, via
the GUI, defining content on each screen of the subset of
screen plugins; pathway connection information, via the
GUI, defiming one or more pathway connections between the
screens corresponding to the subset of screen plugins in
accordance with the pathway type; and condition definition
information, via the GUI, defining at least one condition for
navigating the one or more pathway connections between
the screens corresponding to the subset of screen plugins;
generating, from the pathway type selection, the selection of
screen plugins, the content definition, the pathway connec-
tion information, and the condition definition information, a
learning course content for a learning application; and
transmitting, via the commumnication network, the learning
course content to the client device.

In another aspect, a computing system for managing
learning content 1s disclosed, the system comprising: a
database configured to store: a set of screens, and a server
comprising a computing device coupled to a communication
network and comprising at least one processor executing
instructions within a memory which, when executed, cause
the system to: generate, for display on a client device, a
graphical user iterface (GUI) comprising a content editor
for defining courseware including a first lesson; receive, via
the communication network, user input comprising: a
stitched screen request, via the GUI, for the first lesson; a
selection of screens, via the GUI, that indicates the set of
screens to be included as part of the first lesson; content
definition, via the GUI, defining content on each screen of
the set of screens; pathway connection information, via the
GUI, defining pathway connections between the screens of
the set of screens; and condition definition information, via
the GUI, defining at least one condition for navigating
between the set of screens along the pathway connections;
configure, 1n response to the stitched screen request, the set
of screens of the first lesson 1n a stitched screen configura-
tion, wherein, 1n the stitched screen configuration, the
screens are configured to be stitched and scrolled through 1n
a continuous manner 1n accordance with the pathway con-
nections between the screens and the at least one condition
for navigating between the screens; generate, from the
selection of screens, the content definition, the pathway
connection information, the condition definition informa-
tion, and the stitched screen configuration, a learning course
content for a learning application; and transmit, via the
communication network, the learning course content to the
client device.

In another aspect, a method for managing learming content
1s disclosed, the method including: generating, for display
on a client device, a graphical user interface (GUI) com-
prising a content editor for defining courseware including a
first lesson; and receiving, via a communication network,
user input, wherein the user input includes: a stitched screen
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request for the first lesson, a selection of screens that
indicates a set of screens to be included as part of the first
lesson, content definition defining content on each screen of
the set of screens, pathway connection information defining
pathway connections between the screens of the set of
screens, and condition definition mformation defining at
least one condition for navigating between the set of screens
along the pathway connections. The method further
includes: configuring, 1n response to the stitched screen
request, the set of screens of the first lesson 1 a stitched
screen configuration, wherein, in the stitched screen con-
figuration, the screens are configured to be stitched and
scrolled through 1n a continuous manner in accordance with
the pathway connections between the screens and the at least
one condition for navigating between the screens; generat-
ing, from the selection of screens, the content definition, the
pathway connection information, the condition definition
information, and the stitched screen configuration, a learning
course content for a learming application; and transmitting,
via the communication network, the learning course content
to the client device.

In another aspect, a computing system for managing
learning content 1s disclosed, the system comprising: a
server comprising a computing device coupled to a com-
munication network and comprising at least one processor
executing 1nstructions within a memory which, when
executed, cause the system to: generate, for display on a
client device, a graphical user interface (GUI) for providing
a courseware including a first lesson; receive, via the GUI,
a lesson request identilying the first lesson, the first lesson
comprising: screens 1n a stitched screen configuration, each
screen including content, the stitched screen configuration
comprising: at least one pathway connection defined
between at least two of the screens in the stitched screen
configuration, and at least one condition predefined for
navigating between the at least two screens along the at least
one pathway connection; cause display, on the GUI, of a first
screen of the screens of the first lesson; receive, via the GUI,
user mput with respect to content on the first screen 1n the
stitched screen configuration; determine a second screen of
the first lesson based on the user mput according to: a first
pathway connection between the first screen and the second
screen, and the at least one condition; and cause display, on
the GUI, of the second screen stitched to the first screen 1n
response to a scroll request.

In another aspect, a method for managing learning content
1s disclosed, the method including: generating, for display
on a client device, a graphical user iterface (GUI) for
providing a courseware including a first lesson; and receiv-
ing, via the GUI, a lesson request identiiying the first lesson,
the first lesson comprising: screens 1n a stitched screen
configuration, each screen including content, the stitched
screen configuration comprising: at least one pathway con-
nection defined between at least two of the screens in the
stitched screen configuration, and at least one condition
predefined for navigating between the at least two screens
along the at least one pathway connection. The method
turther includes: causing display, on the GUI, of a first
screen of the screens of the first lesson; receiving, via the
GUI, user input with respect to content on the first screen 1n
the stitched screen configuration; and determining a second
screen of the first lesson based on the user mput according
to: a first pathway connection between the first screen and
the second screen, and the at least one condition. The
method further includes causing display, on the GUI, of the
second screen stitched to the first screen 1n response to a
scroll request.
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In another aspect, a computing system for managing
learning content 1s disclosed, the system comprising: a

database configured to store: a set of screens, and a server
comprising a computing device coupled to a communication
network and comprising at least one processor executing
instructions within a memory which, when executed, cause
the system to: generate, for display on a client device, a
graphical user interface (GUI) comprising a content editor
for defining courseware including a first lesson, the first
lesson comprising a first screen of the set of screens; receive,
via the communication network, user nput comprising
scenario definition information related to the first screen, the
scenario definition information defining at least one condi-
tion to for the first screen, and at least one action corre-
sponding to the at least one condition; generate, based on the
scenario definition information, at least one scenario for the
first screen of the first lesson; and apply the at least one
scenar1o to the first screen of the first lesson.

In another aspect, a method for managing learming content
1s disclosed, the method including: generating, for display
on a client device, a graphical user interface (GUI) com-
prising a content editor for defining courseware including a
first lesson, the first lesson comprising a first screen of a set
of screens; and receiving, via the communication network,
user 1nput comprising scenario definition 1information
related to the first screen, the scenario definition information
defining at least one condition to for the first screen, and at
least one action corresponding to the at least one condition.
The method further includes: generating, based on the
scenario definition information, at least one scenario for the
first screen of the first lesson; and applying the at least one
scenario to the first screen of the first lesson.

The above features and advantages of the present mnven-
tion will be better understood from the following detailed
description taken in conjunction with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a system level block diagram for pro-
viding the disclosed plugin system and pathway architec-
ture.

FIG. 2 illustrates a system level block diagram for pro-
viding the disclosed plugin system and pathway architec-
ture, 1n accordance with various aspects of the techniques
described 1n this disclosure.

FIG. 3 illustrates a system level block diagram of a
content management system that facilitates the disclosed
plugin system and pathway architecture, in accordance with
various aspects of the techmiques described 1n this disclo-
sure.

FIG. 4 1s a block diagram conceptually 1illustrating an
example of courseware layers, 1n accordance with various
aspects of the techmques described 1n this disclosure.

FIG. 5 1s a schematic diagram conceptually illustrating
example courseware layers, in accordance with various
aspects of the techmques described 1n this disclosure.

FIG. 6 1s a schematic diagram conceptually illustrating an
example screen ol a graphical user interface (GUI) for
generating learning course content, 1n accordance with vari-
ous aspects of the techniques described 1n this disclosure.

FIG. 7 1s a schematic diagram conceptually illustrating an
example GUI screen eliciting user input corresponding to a
course, 1n accordance with various aspects of the techniques
described in this disclosure.

FIG. 8 1s a schematic diagram conceptually illustrating an
example GUI screen eliciting user mnput corresponding to a
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pathway, 1n accordance with various aspects of the tech-
niques described in this disclosure.

FI1G. 9 1s a schematic diagram conceptually illustrating an
example linear pathway between an example selection of
courseware elements, 1n accordance with various aspects of
the techmiques described 1n this disclosure.

FIG. 10 1s a schematic diagram conceptually illustrating
an example free pathway between an example selection of
courseware elements, 1n accordance with various aspects of
the techmiques described 1n this disclosure.

FIG. 11 1s a schematic diagram conceptually 1illustrating
an example graph pathway between an example selection of
courseware elements, 1n accordance with various aspects of
the techmiques described 1n this disclosure.

FI1G. 12 1s a flowchart illustrating an example method and
technique for generating learning course content including a
lesson element, 1n accordance with various aspects of the
techniques described 1n this disclosure.

FIG. 13 1s a schematic diagram conceptually 1llustrating,
an example GUI screen eliciting user iput for generating a
lesson for the learning course content, in accordance with
various aspects of the techniques described 1n this disclo-
sure.

FIG. 14 1s a schematic diagram conceptually illustrating
an example GUI screen eliciting user mnput corresponding to
a pathway that defines pathway connections between lesson
screens, 1n accordance with various aspects of the techniques
described 1n this disclosure.

FIG. 15 1s a schematic diagram conceptually illustrating
an example GUI screen eliciting user input for generating a
screen for the learning course content, in accordance with
various aspects of the techniques described 1n this disclo-
sure.

FIG. 16 1s a schematic diagram conceptually illustrating
an example GUI screen eliciting user mput for defining
content for a screen of the learning course content, 1n
accordance with various aspects of the techniques described
in this disclosure.

FIG. 17 1s a schematic diagram conceptually 1llustrating
an example GUI screen providing an example library cata-
logue of components to include for a particular screen, 1n
accordance with various aspects of the techniques described
in this disclosure.

FIG. 18 1s a schematic diagram conceptually illustrating
an example GUI screen eliciting user mput for defining
conditions for imposing system controls over navigation of
the learning course content, in accordance with various
aspects of the techniques described 1n this disclosure.

FI1G. 19 15 a flowchart illustrating an example method and
technique for utilizing stitched screens in an example design
for the learning course content, 1n accordance with various
aspects of the techniques described 1n this disclosure.

FIG. 20 1s a block diagram conceptually illustrating an
example GUI screen for defining pathway connections
between screens of the lesson, 1n accordance with various
aspects of the techmques described 1n this disclosure.

FIG. 21 1s a flowchart illustrating an example method and
technique for presenting stitched screens in an example
stitched screen configuration for the learning course content,
in accordance with various aspects ol the techniques
described 1n this disclosure.

FIG. 22 1s a schematic diagram conceptually illustrating
an example presentation of screens displaying in the
example stitched screen configuration defined 1n FI1G. 20, 1n
accordance with various aspects of the techniques described
in this disclosure.
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FIG. 23 1s a schematic diagram conceptually 1llustrating
another example presentation of screens displaying in the

example stitched screen configuration defined 1n FIG. 20, 1n
accordance with various aspects of the techniques described
in this disclosure.

FIG. 24 1s a flowchart 1llustrating an example method and
technique for defining scenarios for the learning course
content, 1n accordance with various aspects ol the tech-
niques described in this disclosure.

FIG. 25 1s a schematic diagram conceptually illustrating,
an example GUI screen for defining conditions for an
example scenario, 1n accordance with various aspects of the
techniques described 1n this disclosure.

FIG. 26 1s a schematic diagram conceptually illustrating
an example GUI screen for defining conditions for the
example scenario, 1n accordance with various aspects of the
techniques described 1n this disclosure.

FIG. 27 1s a schematic diagram conceptually illustrating
an example GUI screen for defining actions for an example
scenar1o, 1 accordance with various aspects of the tech-
niques described in this disclosure.

FIG. 28 1s a schematic diagram conceptually 1llustrating,
an example GUI screen for defining actions for the example
scenario, 1n accordance with various aspects of the tech-
niques described 1n this disclosure.

FIG. 29 1s a schematic diagram conceptually illustrating
an example GUI screen for defining conditions for an
example scenario, 1n accordance with various aspects of the
techniques described 1n this disclosure.

FIG. 30 1s a schematic diagram conceptually illustrating
an example GUI screen for defining pathway connections
between courseware elements, 1n accordance with various
aspects of the techniques described 1n this disclosure.

FIG. 31 1s a schematic diagram conceptually illustrating
an example GUI screen for visualizing pathway connections
between courseware elements, in accordance with various
aspects of the techmques described 1n this disclosure.

FIG. 32 1s a schematic diagram conceptually illustrating,
an example GUI screen including lesson content predefined
via the example GUI of any one or more of FIGS. 6-20,
24-31, 35, and/or 36, in accordance with various aspects of
the techniques described in this disclosure.

FIG. 33 i1s a schematic diagram conceptually illustrating
an example GUI screen including lesson content predefined
via the example GUI of any one or more of FIGS. 6-20,
24-31, 35, and/or 36, in accordance with various aspects of
the techniques described in this disclosure.

FIG. 34 1s a schematic diagram conceptually illustrating
an example GUI screen of lesson content 1n an example
procedure screen context predefined via the example GUI of
any one or more of FIGS. 6-20, 24-31, 35, and/or 36, 1n
accordance with various aspects of the techniques described
in this disclosure.

FIG. 35 1s a flowchart 1llustrating an example method and
technique for generating learning course content, in accor-
dance with various aspects of the techmques described 1n
this disclosure.

FIG. 36 illustrates a non-limiting example of a GUI for
providing the disclosed plugin system and pathway archi-
tecture, 1n accordance with various aspects of the techniques
described in this disclosure.

DETAILED DESCRIPTION

The disclosed technology will now be discussed in detail
with regard to the attached drawing figures that were briefly
described above. In the following description, numerous
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specific details are set forth 1llustrating the Applicant’s best
mode for practicing the invention and enabling one of
ordinary skill 1n the art to make and use the invention. It will
be obvious, however, to one skilled in the art that the present
invention may be practiced without many of these specific
details. In other instances, well-known machines, structures,
and method steps have not been described in particular detail
in order to avoid unnecessarily obscuring the present inven-
tion. Unless otherwise indicated, like parts and method steps
are referred to with like reference numerals.

In online learning environments 1 which a user (e.g., a
learner user, a content creator, etc.) 1s presented with leamn-
ing information, the content presented to the user may be
limited. In such examples, a system administrator, for
example, may be unable to change what a learner user sees.
If such content 1s customizable at all, 1t 1s often limited to a
single method of personalizing content. As such, certain
types of systems may be unable to respond to the learner
user, or otherwise display personalized content, responsive
to user interactivity, that 1s unique to that learner user.

The disclosed system includes a content management
system (e.g., a learning management system), including
standard e-text, that uses back-end and in some examples,
machine learning (ML) algorithms, based on stored feature
data and data from other research, that are able to customize
the experience for the learner, so that the content manage-
ment system 1s able to provide customized content for a user
(e.g., a learner user, a content creator, etc.).

In some examples, a content creator (e.g., an administra-
tor user, an instructor, executive, etc.) may utilize various
plugins or other components 1n accordance with one or more
of the various techniques disclosed herein to design customs-
1zed content for a learner user. In this way, the administrator
user may be able to determine the most eflective way to
teach learning objectives to a specific learner. To accomplish
this, the algorithms described herein may be configured to
adapt to multiple situations (e.g., not use static content and
a single static method) and adapt to user data corresponding
to specific users (e.g., user data of a first learner user, user
data of a second learner user, etc.). In some examples, the
algorithms described herein may be configured to adapt to a
different range of situations and scenarios, based on specific
user data input.

FIG. 1 illustrates a non-limiting example of a distributed
computing environment 100. In some examples, the distrib-
uted computing environment 100 may include one or more
server(s) 102 (e.g., data servers, computing devices, com-
puters, etc.), one or more client computing devices 106, and
other components that may implement certain embodiments
and features described herein. Other devices, such as spe-
cialized sensor devices, etc., may interact with the client
computing device(s) 106 and/or the server(s) 102. The
server(s) 102, client computing device(s) 106, or any other
devices may be configured to implement a client-server
model or any other distributed computing architecture. In an
illustrative and non-limiting example, the client devices 106
may include a first client device 106 A and a second client
device 106B. The first client device 106 A may correspond to
a first learner user 1n a class and the second client device
106B may correspond to a second learner user 1n the class
or another class.

In some examples, the server(s) 102, the client computing,
device(s) 106, and any other disclosed devices may be
communicatively coupled via one or more communication
network(s) 120. The communication network(s) 120 may be
any type ol network known in the art supporting data
communications. As non-limiting examples, network 120

10

15

20

25

30

35

40

45

50

55

60

65

8

may be a local area network (LAN; e.g., Ethernet, Token-
Ring, etc.), a wide-area network (e.g., the Internet), an
inirared or wireless network, a public switched telephone
networks (PSTNs), a virtual network, etc. Network 120 may
use any available protocols, such as, e.g., transmission
control protocol/Internet protocol (TCP/IP), systems net-
work architecture (SNA), Internet packet exchange (IPX),
Secure Sockets Layer (SSL), Transport Layer Security
(TLS), Hypertext Transier Protocol (HT'TP), Secure Hyper-
text Transter Protocol (HTTPS), Institute of Electrical and
Electronics (IEEE) 802.11 protocol suite or other wireless
protocols, and the like.

The embodiments shown in FIGS. 1 and/or 2 are one
example of a distributed computing system and are not
intended to be limiting. The subsystems and components
within the server(s) 102 and the client computing device(s)
106 may be implemented 1n hardware, firmware, software,
or combinations thereof. Various diflerent subsystems and/
or components 104 may be implemented on server 102.
Users operating the client computing device(s) 106 may
initiate one or more client applications to use services
provided by these subsystems and components. Various
different system configurations are possible 1 different
distributed computing environments 100 and content distri-
bution networks. Server 102 may be configured to run one
or more server soltware applications or services, for
example, web-based or cloud-based services, to support
content distribution and interaction with client computing
device(s) 106. Users operating client computing device(s)
106 may in turn utilize one or more client applications (e.g.,
virtual client applications) to interact with server 102 to
utilize the services provided by these components. The client
computing device(s) 106 may be configured to recerve and
execute client applications over the communication
network(s) 120. Such client applications may be web
browser-based applications and/or standalone software
applications, such as mobile device applications. The client
computing device(s) 106 may receive client applications
from server 102 or from other application providers (e.g.,
public or private application stores).

As shown 1 FIG. 1, various security and integration
components 108 may be used to manage communications
over the communication network(s) 120 (e.g., a file-based
integration scheme, a service-based integration scheme,
ctc.). In some examples, the security and integration com-
ponents 108 may implement various security features for
data transmission and storage, such as authenticating users
or restricting access to unknown or unauthorized users. As
non-limiting examples, the security and integration compo-
nents 108 may include dedicated hardware, specialized
networking components, and/or software (e.g., web servers,
authentication servers, firewalls, routers, gateways, load
balancers, etc.) within one or more data centers in one or
more physical location(s) and/or operated by one or more
entities, and/or may be operated within a cloud infrastruc-
ture. In various implementations, the security and integra-
tion components 108 may transmit data between the various
devices 1n the distribution computing environment 100 (e.g.,
in a content distribution system or network). In some
examples, the security and integration components 108 may
use secure data transmission protocols and/or encryption
(e.g., File Transfer Protocol (FIP), Secure File Transfer
Protocol (SF'TP), and/or Pretty Good Privacy (PGP) encryp-
tion) for data transiers, etc.).

In some examples, the security and integration compo-
nents 108 may implement one or more web services (e.g.,
cross-domain and/or cross-platiorm web services) within the
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distribution computing environment 100, and may be devel-
oped for enterprise use in accordance with various web
service standards (e.g., the Web Service Interoperability
(WS-I) guidelines). In an example, some web services may
provide secure connections, authentication, and/or confiden-
tiality throughout the network using technologies such as
SSL, TLS, HTTP, HTTPS, WS-Security standard (providing
secure SOAP messages using XML, encryption), etc. In
some examples, the security and integration components
108 may include specialized hardware, network appliances,
and the like (e.g., hardware-accelerated SSL and HTTPS),
possibly 1nstalled and configured between one or more
server(s) 102 and other network components. In such
examples, the security and integration components 108 may
thus provide secure web services, thereby allowing any
external devices to communicate directly with the special-
1zed hardware, network appliances, etc.

A distribution computing environment 100 may further
include one or more data stores 110. In some examples, the
one or more data stores 110 may include, and/or reside on,
one or more back-end servers 112, operating in one or more
data center(s) in one or more physical locations. In such
examples, the one or more data stores 110 may communicate
data between one or more devices, such as those connected
via the one or more communication network(s) 120. In some
cases, the one or more data stores 110 may reside on a
non-transitory storage medium within one or more server(s)
102. In some examples, data stores 110 and back-end servers
112 may reside 1n a storage-area network (SAN). In addi-
tion, access to one or more data stores 110, in some
examples, may be limited and/or demed based on the
processes, user credentials, and/or devices attempting to
interact with the one or more data stores 110.

With reference now to FIG. 2, a block diagram of an
example computing system 200 1s shown. The computing
system 200 (e.g., one or more computers) may correspond to
any one or more ol the computing devices or servers of the
distribution computing environment 100, or any other com-
puting devices described herein. In an example, the com-
puting system 200 may represent an example of one or more
server(s) 102 and/or of one or more server(s) 112 of the
distribution computing environment 100. In another
example, the computing system 200 may represent an
example of the client computing device(s) 106 of the dis-
tribution computing environment 100. In some examples,
the computing system 200 may represent a combination of
one or more computing devices and/or servers of the distri-
bution computing environment 100.

In some examples, the computing system 200 may
include processing circuitry 204, such as one or more
processing unit(s), processor(s), etc. In some examples, the
processing circuitry 204 may communicate (e.g., interface)
with a number of peripheral subsystems via a bus subsystem
202. These peripheral subsystems may include, for example,
a storage subsystem 210, an mput/output (I/O) subsystem
226, and a communications subsystem 232.

In some examples, the processing circuitry 204 may be
implemented as one or more integrated circuits (e.g., a
conventional micro-processor or microcontroller). In an
example, the processing circuitry 204 may control the opera-
tion of the computing system 200. The processing circuitry
204 may include single core and/or multicore (e.g., quad
core, hexa-core, octo-core, ten-core, etc.) processors and
processor caches. The processing circuitry 204 may execute
a variety of resident soltware processes embodied in pro-
gram code, and may maintain multiple concurrently execut-
Ing programs or processes. In some examples, the process-
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ing circuitry 204 may include one or more specialized
processors, (e.g., digital signal processors (DSPs), outboard,
graphics application-specific, and/or other processors).

In some examples, the bus subsystem 202 provides a
mechanism for intended communication between the vari-
ous components and subsystems of computing system 200.
Although the bus subsystem 202 i1s shown schematically as
a single bus, alternative embodiments of the bus subsystem
may utilize multiple buses. In some examples, the bus
subsystem 202 may include a memory bus, memory con-
troller, peripheral bus, and/or local bus using any of a variety

of bus architectures (e.g., Industry Standard Architecture
(ISA), Micro Channel Architecture (MCA), Enhanced ISA
(EISA), Video Electronics Standards Association (VESA),

and/or Peripheral Component Interconnect (PCI) bus, pos-

sibly implemented as a Mezzanine bus manufactured to the
IEEE P1386.1 standard).

In some examples, the I/O subsystem 226 may include
one or more device controller(s) 228 for one or more user
interface input devices and/or user interface output devices,
possibly integrated with the computing system 200 (e.g.,
integrated audio/video systems, and/or touchscreen dis-
plays), or may be separate peripheral devices which are
attachable/detachable from the computing system 200. Input
may include keyboard or mouse nput, audio input (e.g.,
spoken commands), motion sensing, gesture recognition
(e.g., eye gestures), etc. As non-limiting examples, input
devices may include a keyboard, pointing devices (e.g.,
mouse, trackball, and associated iput), touchpads, touch
screens, scroll wheels, click wheels, dials, buttons, switches,
keypad, audio mput devices, voice command recognition
systems, microphones, three dimensional (3D) mice, joy-
sticks, pointing sticks, gamepads, graphic tablets, speakers,
digital cameras, digital camcorders, portable media players,
webcams, 1mage scanners, fingerprint scanners, barcode
readers, 3D scanners, 3D printers, laser rangefinders, eye
gaze tracking devices, medical imaging input devices, MIDI
keyboards, digital musical instruments, and the like. In
general, use of the term “output device” i1s intended to
include all possible types of devices and mechanisms for
outputting information from computing system 200, such as
to a user (e.g., via a display device) or any other computing
system, such as a second computing system 200. In an
example, output devices may include one or more display
subsystems and/or display devices that visually convey text,
graphics and audio/video information (e.g., cathode ray tube
(CRT) displays, flat-panel devices, liquid crystal display
(LCD) or plasma display devices, projection devices, touch
screens, etc.), and/or may include one or more non-visual
display subsystems and/or non-visual display devices, such
as audio output devices, etc. As non-limiting examples,
output devices may include, indicator lights, monitors, print-
ers, speakers, headphones, automotive navigation systems,
plotters, voice output devices, modems, etc.

In some examples, the computing system 200 may
include one or more storage subsystems 210, including
hardware and software components used for storing data and
program 1nstructions, such as system memory 218 and
computer-readable storage media 216. In some examples,
the system memory 218 and/or the computer-readable stor-
age media 216 may store and/or mclude program instruc-
tions that are loadable and executable on the processor(s)
204. In an example, the system memory 218 may load and/or
execute an operating system 224, program data 222, server
applications, application program(s) 220 (e.g., client appli-
cations), Internet browsers, mid-tier applications, etc. In
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some examples, the system memory 218 may further store
data generated during execution of these instructions.

In some examples, the system memory 218 may be stored
in volatile memory (e.g., random-access memory (RAM)
212, including static random-access memory (SRAM) or
dynamic random-access memory (DRAM)). In an example,
the RAM 212 may contain data and/or program modules that
are 1mmediately accessible to and/or operated and executed
by the processing circuitry 204. In some examples, the
system memory 218 may also be stored in non-volatile
storage drives 214 (e.g., read-only memory (ROM), flash
memory, etc.). In an example, a basic iput/output system
(BIOS), containing the basic routines that help to transfer
information between elements within the computing system
200 (e.g., during start-up), may typically be stored in the
non-volatile storage drives 214.

In some examples, the storage subsystem 210 may
include one or more tangible computer-readable storage
media 216 for storing the basic programming and data
constructs that provide the functionality of some embodi-
ments. In an example, the storage subsystem 210 may
include software, programs, code modules, 1instructions, etc.,
that may be executed by the processing circuitry 204, in
order to provide the functionality described herein. In some
examples, data generated from the executed software, pro-
grams, code, modules, or instructions may be stored within
a data storage repository within the storage subsystem 210.
In some examples, the storage subsystem 210 may also
include a computer-readable storage media reader connected
to the computer-readable storage media 216.

In some examples, the computer-readable storage media
216 may contain program code, or portions of program code.
Together and, optionally, in combination with the system
memory 218, the computer-readable storage media 216 may
comprehensively represent remote, local, fixed, and/or
removable storage devices plus storage media for temporar-
1ly and/or more permanently containing, storing, transmit-
ting, and/or retrieving computer-readable information. In
some examples, the computer-readable storage media 216
may include any appropriate media known or used 1n the art,
including storage media and communication media, such as
but not limited to, volatile and non-volatile, removable and
non-removable media implemented 1n any method or tech-
nology for storage and/or transmission of information. This
can include tangible computer-readable storage media such
as RAM, ROM, electronically erasable programmable ROM
(EEPROM), flash memory or other memory technology,
CD-ROM, digital versatile disk (DVD), or other optical
storage, magnetic cassettes, magnetic tape, magnetic disk
storage or other magnetic storage devices, or other tangible
computer-readable media. This can also include nontangible
computer-readable media, such as data signals, data trans-
missions, or any other medium which can be used to
transmit the desired information and which can be accessed
by the computing system 200. In an 1illustrative and non-
limiting example, the computer-readable storage media 216
may include a hard disk drive that reads from or writes to
non-removable, nonvolatile magnetic media, a magnetic
disk drive that reads from or writes to a removable, non-
volatile magnetic disk, and an optical disk drive that reads
from or writes to a removable, nonvolatile optical disk such

as a CD ROM, DVD, and Blu-Ray® disk, or other optical
media.

In some examples, the computer-readable storage media
216 may 1include, but 1s not limited to, Zip® drives, flash
memory cards, unmiversal serial bus (USB) flash drives,
secure digital (SD) cards, DVD disks, digital video tape, and
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the like. In some examples, the computer-readable storage
media 216 may include, solid-state drives (SSD) based on
non-volatile memory such as tlash-memory based SSDs,
enterprise flash drives, solid state ROM, and the like, SSDs
based on volatile memory such as solid-state RAM, dynamic

RAM, static RAM, DRAM-based SSDs, magneto-resistive
RAM (MRAM) SSDs, and hybrid SSDs that use a combi-
nation of DRAM and flash memory-based SSDs. The disk
drives and their associated computer-readable media may
provide non-volatile storage of computer-readable nstruc-
tions, data structures, program modules, and other data for
the computing system 200.

In some examples, the communications subsystem 232
may provide a commumnication interface from the computing,
system 200 and external computing devices via one or more

communication networks, including local area networks
(LANSs), wide area networks (WANs) (e.g., the Internet), and
various wireless telecommunications networks. As illus-

trated 1n FIG. 2, the communications subsystem 232 may
include, for example, one or more network interface con-

trollers (NICs) 234, such as Fthernet cards, Asynchronous

Transter Mode NICs, Token Ring NICs, and the like, as well
as one or more wireless communications interfaces 236,
such as wireless network interface controllers (WNICs),
wireless network adapters, and the like. Additionally, and/or
alternatively, the communications subsystem 232 may
include one or more modems (telephone, satellite, cable,
ISDN), synchronous or asynchronous digital subscriber line
(DSL) units, Fire Wire® 1interfaces, USB® interfaces, and
the like. Communications subsystem 232 also may include
radio frequency (RF) transceiver components for accessing
wireless voice and/or data networks (e.g., using cellular
telephone technology,, advanced data network technology,
such as 3G, 4G or EDGE (enhanced data rates for global
evolution), Wi-F1 (IEEE 802.11 family standards, or other
mobile communication technologies, or any combination
thereol), global positioning system (GPS) receiver compo-
nents, and/or other components.

In some examples, the communications subsystem 232
may also receive mput communication in the form of
structured and/or unstructured data feeds, event streams,
event updates, and the like, on behalf of one or more users
who may use or access the computing system 200. In an
example, the communications subsystem 232 may be con-
figured to recerve data feeds 1n real-time from users of social
networks and/or other communication services, web feeds
such as Rich Site Summary (RSS) feeds, and/or real-time
updates from one or more third party information sources
(e.g., data aggregators). Additionally, the communications
subsystem 232 may be configured to recerve data 1n the form
of continuous data streams, which may include event
streams of real-time events and/or event updates (e.g., sensor
data applications, financial tickers, network performance
measuring tools, clickstream analysis tools, automobile trai-
fic monitoring, etc.). In some examples, the communications
subsystem 232 may output such structured and/or unstruc-
tured data feeds, event streams, event updates, and the like
to one or more data stores that may be 1 communication
with one or more streaming data source computing systems
(e.g., one or more data source computers, etc.) coupled to the
computing system 200. The various physical components of
the communications subsystem 232 may be detachable
components coupled to the computing system 200 via a
computer network (e.g., a communication network 120), a
FireWire® bus, or the like, and/or may be physically inte-
grated onto a motherboard of the computing system 200. In
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some examples, the communications subsystem 232 may be
implemented 1n whole or 1 part by software.

Due to the ever-changing nature ol computers and net-
works, the description of the computing system 200 depicted
in the figure 1s intended only as a specific example. Many
other configurations having more or fewer components than
the system depicted in the figure are possible. For example,
customized hardware might also be used and/or particular
clements might be implemented i hardware, firmware,
software, or a combination. Further, connection to other
computing devices, such as network input/output devices,
may be employed. Based on the disclosure and teachings
provided herein, a person of ordinary skill in the art waill
appreciate other ways and/or methods to implement the
various embodiments.

Content Management System

FIG. 3 illustrates a system level block diagram of a
content management system 300, such as a learning man-
agement system for providing the disclosed plugin system
(e.g., plugin modules) and pathway architecture according to
some examples. In some examples, the content management
system 300 includes a learning management system for
online learning content. In an example, the content manage-
ment system 300 allows content creators (e.g., system
administrators, course content creators, instructor users, an
instructor of a learning course, authors, etc.) to determine the
best way to teach learner users (e.g., students) using multiple
methods customized to the learner users. In some examples,
in addition to utilizing a single static adaptive method, the
content management system 300 may incorporate one or
more additional adaptive methods that include a range of
additional and different components configured to customize
the experience for the learner user. One such adaptive
method may include a pathway architecture, based on a
design created by one or more content creators.

In some examples, the content management system 300
may include one or more database(s) 110, also referred to as
data stores herein. The database(s) 110 may include a
plurality of user data 302 (e.g., a set of learner user data
items). In such examples, the content management system
300 may store and/or manage the user data 1n accordance
with one or more of the various techniques of the disclosure.

In some examples, the user data may include user responses,
user history, user scores, user performance, user preferences,
and the like.

In some examples, the content management system 300
may utilize the user data to make decisions (e.g., as part of
a decision tree algorithm), and in some examples, the
content management system 300 may customize the learning
experience ol a particular user (e.g., a learner user). In an
illustrative example, the content management system 300
may utilize the user data to make decisions and/or customize
a learning experience of a learner user based on user data
stored 1n the database 110 that corresponds to that learner
user. In some examples, the user data may be received by
one or more users, for example, using a client computing
device 106 operated by one or more learner users or content
creators.

In some examples, the content management system 300
may store and/or manage the user data 302 1n such a way that
the user data may be utilized as graph data in the construc-
tion of a graph. In some examples, a content creator may
utilize the graph to design and construct pathways within the
content, including associated concepts. The construction of
the graph may include multiple 1instances of these pathways
and pathway concepts, described 1n more detail below.
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In addition, the database(s) 110 may include learning
course content 306. The learning course content 306 may
include an arrangement and layering of course(s) 308 (op-
tional), lesson(s) 310 (optional), screen(s) 312, and/or com-
ponent(s) 314 (e.g., content for a screen), 1n various
examples.

Content Editor

In some examples, the content management system 300
may include a content editor. The content editor may provide
selectable and configurable options for a content creator to
mampulate 1mn order to create and/or edit various content
(e.g., learning content). In some examples, a content creator
may edit the content using the system components described
herein.

In an 1illustrative and non-limiting example, a content
creator may create and edit content using a content editor,
such as a WYSIWYG (What You See Is What You Get)
editor, to create content for the courses, screens, plugins,
conditions, applications and other system components
described herein. In some examples, the courses, screens,
plugins, conditions, applications and/or other system com-
ponents may include 3D elements, described below. In such
examples, a content creator may utilize the content editor to
create and edit the content, which may include utilizing the
content editor to construct or edit the 3D elements.

In some examples, plugins or widgets, described in more
detail below, are used to create the learning course content
306 for a learning application. In an example, the learning
application (e.g., a software application) product created
(e.g., generated) from the plugins or widgets may include a
dashboard or course home. The content creator (e.g., a
course content creator) may utilize the software application
to lay out the course(s) 308, lesson(s) 310, screen(s) 312,
component(s) 314, etc.

In some examples, the content management system 300
may include and generate a pop-up plugin for in-lesson
reference material. In some examples, the m-lesson refer-
ence material may be authored. In another example, the
in-lesson reference material may include a dynamic content
recommendation. As a non-limiting example, the content
management system 300 may include soiftware logic that,
when executed, allows the content management system 300
to determine characteristics or attributes of selected compo-
nents, analyze the selected components, and generate rec-
ommended components to a content creator.

In the disclosed embodiments, 1n addition to a WYSI-
WYG editor, the content management system 300 may
include a courseware architecture. In an example, the
courseware architecture may allow a content creator (e.g., a
course content creator) to create any configuration of
courses, units, assessments, lessons, or other courseware
clements that content creators (e.g., learning designers)
might need. In some examples, this courseware architecture
may include a flexible architecture. In such examples, plugin
developers may utilize the tlexible courseware architecture
to create a set of plugins or other components for effectively
any configuration of courses, units, assessments, lessons,
etc.

In some examples, the content management system 300
may organize the courseware elements (e.g., courses, units,
assessments, lessons, etc.) in a hierarchy. In an example, the
hierarchy may include structured data for creating one or
more element(s) of the courseware architecture. In an
example, a top level of the courseware architecture may
include courses, units, and lessons. In some examples, these
higher-level concepts may be driven by more complex
lower-level elements, including activities, pathways, inter-
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actives, and components, each of which are described below,
for example, with reference to Activity, Pathway, Interac-
tive, and Component (APIC) structures.

In some examples, ‘courses’ may include one or more
high-level collection(s) of ‘units.” In some examples,
described 1n more detail below, the content management
system 300 may generate a suggested order of units that
learner users should follow. In some examples, the content
management system 300 may present the suggested order of
units to a content creator.

In some examples, ‘units,” also referred to as modules,
may include a grouping of ‘lessons’ and/or ‘assessments.” As
with ‘courses’ above, the content management system 300
may generate a suggested or recommended order of lessons
and assessments. In some examples, the content manage-
ment system 300 may present the recommended order of
lessons and assessments to a content creator.

In addition, ‘lessons’ may each include a set of screens
designed 1n a specific way 1n order to teach a learner user one
or more objectives. In an example, a ‘lesson’ may include a
set of screens designed with targeted feedback in order to
teach the learner user the one or more objectives. In some
examples, the feedback may include adaptive feedback
responsive to one or more interaction(s) of a learner user.
‘Assessments’ may include a set of screens designed 1n a
specific way to assess the learner user’s ability to meet one
or more learning objectives. In some examples, these
‘assessments’ may include any combination of question
types (e.g., true/false, multiple choice, essay, etc.). In addi-
tion, 1t 1s often the case that a ‘lesson’ may also be perform-
ing ‘assessment’ operations at the same time, and vice-versa.
As such, the lines between ‘lessons’ and ‘assessments’ are
often blurred. With this 1n mind, in some examples, ‘lessons’
and ‘assessments’ may include quiz features and/or func-
tionality allowing learner users to navigate a set of questions
in any combination of orders.

Screens Overview

Screens may include a single page (e.g., a webpage) or
page section with a layout of text, video, images, and/or
other components. Screens may further include adaptive
teedback to respond to one or more interaction(s) of a
learner user.

The disclosed embodiments may include multiple varia-
tions of different screen layouts. As non-limiting examples,
these screens may include three-dimensional (3D) screens
and/or stitched screens.

In some examples, 3D screens may include screens that
allow a user to view a graphic, image, video, etc. from any
angle. In an example, the user may scroll through any
combination of any such angles to view the graphic, image,
video, etc. from any angle.

Stitched Screens

In some examples, the content management system 300
(e.g., the server 112) may generate a combination of screens
as a set of stitched screens. In such examples, the stitched
screens may include a combination of screens that are
stitched together. In an 1llustrative example, a learner user
may thus scroll through the stitched screens 1n a particular
order. In some examples, the content management system
300 may combine or stitch the screens together to generate
the set of stitched screens.

The content management system 300 may generate a
stitched screen learner user-experience for learner users. In
some examples, this may be accomplished by the content
management system 300 generating a lesson type template.
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In an example, the content management system 300 may
generate a design template corresponding to a learning
experience for a learner user.

In an example, a content creator may design and generate
a learning experience, possibly using the plugin and path-
way components and methods described below, in order to
combine multiple content sources into the single stitched
screen format. In an 1llustrative example, the content man-
agement system 300 may recerve user input that requests a
first lesson including a first set of screens be stitched
together with a second lesson 1n a stitched lesson configu-
ration. In such instances, the content management system
300 may stitch a screen from the first lesson together with a
screen from a second lesson. In addition, or alternatively, the
content management system 300 may stitch the first set of
screens ol the first lesson together 1n a stitched screen
configuration and/or the second set of screens of the second
lesson together 1n a second stitched screen configuration. In
such examples, the content management system 300 may
turther, based on user 1nput, stitched the first stitched screen
configuration of the first set of screens together with the
second stitched screen configuration of the second set of
screen to effectively provide a stitched lesson.

In some examples, the content management system 300
may enforce a specific sequence, so that the stitched screen
arrangement 1s displayed, or responses are provided, with an
implemented sequence control, in which content (e.g., one
or more screen(s), one or more components of a screen, etc. )
1s displayed according to the learner user-experience design
template or any other lesson type template. In an example,
the content management system 300 may enforce a specific
sequence (e.g., an order of screens 1 a set of stitched
screens, etc.) with an implemented sequence control, 1n
which content 1s displayed according to a stitched screen
configuration.

In an illustrative example, the content management sys-
tem 300 may receive user input comprising a request to
combine a set of screens 1nto a stitched screen configuration.
In such examples, the content management system 300 may
recetve a selection, via the GUI 316, of a stitched lesson
plugin. The stitched lesson plugin may indicate a stitched
screen request to display screens according to a stitched
screen configuration for a lesson. That 1s, the content man-
agement system 300 may determine from the user input
indicates selection of a stitched lesson plugin, where the
stitched lesson plugin indicates a request for content (e.g., a
set of screens) to be configured in the stitched screen
coniiguration.

In some examples, the stitched screen configuration may
be arranged 1n an order or sequence that controls how the
screens are displayed according to the stitched screen con-
figuration. Accordingly, the content management system
300 (e.g., server 112) may determine an order of the screens
of the set of screens and may determine a set of pathway
connections to connect the set of screens according to the
order of the screens in the stitched screen configuration. In
another example, the content management system 300 (e.g.,
server 112) may receive, via the GUI, user input indicating,
the sequence or order of the screens of the set of screens in
the stitched screen configuration. That 1s, 1n some instances,
the server 112 determines the screen order based on the user
iput received via the GUI 316 and in other instances, the
server 112 determines the screen sequence using a machine
learning model or artificial intelligence algorithm that out-
puts a proposed order for the stitched screen sequence.

The content management system 300 may then combine
multiple screens mto a single stitched screen. In some
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examples, the content management system 300 may gener-
ate this lesson type template by coding a specific coding
language, such as JavaScript, as a non-limiting example.

In some examples, described 1n greater detail below, the
content management system 300 may include one or more
screen plugins for stitched screens that produce different
learning experiences idependently. A stitched screen may
be generated by 1dentifying multiple screens, and combining,
these multiple screens 1nto a seamless piece of content, such
as a single web page containing multiple sections on a
single, scrollable webpage. In an example, rather than
including all of the content 1n a single screen 1n a fixed order,
the content within the stitched screen may be presented
dynamically, according to user interaction with the stitched
screen.

In some examples, the content management system 300
may generate a proposed order of content within the stitched
screen. In some 1nstances, the content management system
300 may modity the order in which the content 1s provided
(or provide more, less, or diflerent content) according to user
interaction with the content on the stitched screen.

In an 1llustrative and non-limiting example, a content
creator (e.g., a course content designer) may have estab-
lished that a learner user must pass a quiz (or needs to click
a radio button before moving to a next screen, etc.) before
accessing a specific piece of content, which may be included
in the stitched screen.

In order to implement similar kind of control or condi-
tions over navigating through a single stitched screen, the
content management system 300 may take advantage of the
plugins and pathway architecture systems described below.
In the content management system 300, a pathway type may
include a free pathway type, a linear pathway type, and/or a
graph pathway type, as described in more detail below. In
some examples, the stitched screen 1n the content manage-
ment system 300 may take advantage of a particular path-
way architecture type.

In an illustrative and non-limiting example, the stitched
screen may take advantage of the free pathway type. In a free
pathway type environment, as described below, there may be
many ways to determine a next screen, all of which may
include different pathways to the next screen, and each of
these screens may use different pathway types, which may
cach be adaptive. In such examples, a learner user may be
able to decide how to navigate between screens 1n a free
pathway type, allowing the user to see all screens, or skip
screens that are unnecessary.

In some examples, the actual navigation may take advan-
tage of a plugin application programming interface (API),
and/or a routing system on the plugin API. In an example,
the plugin API may define one or more separate application
programming interfaces (APIs), such as a progress API, a
route API, or the like. The content management system 300
may then separate (e.g., spread out) the learner’s progress
through a series of screens (e.g., one screen after the other).
In an example, the content management system 300 may
separate the learner’s progress in a series of screens (e.g.,
implemented via a stitched screen, such as a stitched 3D
screen). This may be done as opposed to the content
management system 300 providing the learner user with one
or more options for choosing which screens to navigate to.

As described 1n more detail below, the content manage-
ment system 300 may include different APIs for these
pathways, such as a progress API and a route API. The
various different APIs (e.g., the progress API and the route
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API) may accommodate the free pathway type, the linear
pathway type, and/or the graph pathway type described
herein.

Thus, by employing these concepts (e.g., stitched screens
and pathway types), the content management system 300
may generate an arrangement of stitched screens, with the
stitched screen arrangement 1ncluding one or more assess-
ments between one or more of the stitched screens. The
content management system 300 may then dynamically
change the stitched screen to include removed, new or
different content according to the one or more assessments.
In some examples, a stitched lesson may therefore exist
side-by-side with a quiz format or any additional assessment
approach (e.g., a diagnostic test).

Returning to the courseware concepts, components may
include interactive widgets, question inputs, simulations,
and/or visualizations (or anything else desired by the content
creator) that can be added to the screen, or directly added to
a lesson, and may include interactions or ‘micro-interac-
tions’ with the user.

A non-limiting example of components may include com-
ponent plugins (e.g., a YouTube plugin) explored 1n more
detail below, which may extend content data with certain
additional representations.

The course architecture may further include one or more
learning applications, also referred to as learning apps or
simply as ‘apps’ herein, to describe a particular component
that may be added directly to lessons, units, or courses to
provide learner users with a persistent interactive component
across a set of screens or lessons. Non-limiting examples of
such learning apps may include a note-taking app, a course
glossary, a summary overview, etc.

Using the components described herein, the architecture
of the content management system 300 may be both exten-
sible and tlexible, achieving any level of complexity desired
by a user (e.g., a content creator), thereby providing signifi-
cant improvements over the prior art.

As noted above, one way in which the flexibility and
extensibility of the content management system 300 1is
achieved 1s through the use of a plugin system, which may
be used in conjunction with a plugin application program-
ming interface (API), described herein. This plugin system
may make use of various plugins to simplify a more complex
graph, as referenced herein, 1n order to present a set of
progress metrics, scores, learning objectives, and persisting,
interactions relative to one or more learner users.

As non-limiting examples, plugins may be used to pres-
ent, through the content management system 300, different
types of labs and interactive simulations or components or
widgets. Use of such plugins may thus allow various content
creators to extend the different types of labs or interactive
simulations or components or widgets to create a unique
learning experience for one or more learner users.

Plugins, as described herein, may be referred to as pub-
lished widgets. In some examples, one or more plugins may
build content and/or a course, as well as be mcorporated into
the content of a course, such as the content and/or courses
created by a content creator. In such examples, the content
creator (e.g., a course content creator) may utilize such
plugins to visually display content and data to users (e.g., via
a stitched screen). In some examples, each plugin may
include a different display or rendering. In some examples,
in addition to rendering data 1n a particular way (according
to 1structions recerved from the content creator), the dis-
closed widgets may provide opportunities to interact with
learner users or other users.
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In some examples, the plugins may be available to content
creators, such as to one or more course content creators,
and/or to plugin developers (who may desire to create and/or
manipulate plugins). In an example, the plugins may be
available to content creators and/or plugin developers via a
plugin API.

In some examples, plugin developers may have access to
a plugin API reference. In an example, the plugin API
reference may relate to a plugin API. In such examples, the
plugin API reference may inform the plugin developers
when creating or writing code for the plugins. In some
examples, the plugin API reference may include a list of
aspects of the plugins that the plugin developers have access
to via the plugin API. In such examples, plugin developers
may utilize the plugin API reference to create plugins related
to the education and/or learning concepts of the content
management system 300.

In some examples, the plugin API reference may describe
or define an anatomy of plugins. In an example, the plugin
anatomy may explain that a plugin 1s made up of various
anatomical parts, such as being made up of a reference, a
version, a manifest, a schema, and one or more views. In
such examples, the plugin anatomy may introduce each
anatomical part of the plugin and/or explain each anatomical
part of the plugin.

In some examples, a plugin may serve as a building block
for, and be incorporated into, the content of the course
created by the content creator. In an example, a content
creator may create a course and/or learning course content
for a course. In such examples, a plugin may be incorporated
into the learning course content of the course (e.g., as
created by the content creator). In an example, the content
management system 300 may receive user input requesting,
incorporation of a particular plugin into a course component,
such as a lesson and/or screen of a lesson or of a course.

In some examples, a plugin may correspond to one or
more published widgets. In an example, a plugin may
correspond to a published widget that represents a set of
discrete programs. In such examples, the published widgets
may be discrete applications, or discrete software code built
to a specific model. In some examples, the discrete appli-
cations or software code for the published widgets may be
a package or set of packages, code projects, and/or code files
that serve a specific purpose, etc. In such examples the
discrete applications or software code (e.g., a package or set
of packages, code projects, code files, etc.) may include data
displayed to the user. In some examples, the published
widgets may then be displayed to the user, who can use the
plugin (e.g., the one or more published widget) to generate
and organize learning course content.

In another example, the one or more published widgets
may be programs or media published by third parties (e.g.,
YouTube plugins or widgets, etc.). In some examples, the
published widgets may be compiled and may execute soft-
ware that iterfaces with the disclosed embodiments. In the
architecture/hierarchy described below, these plugins may
be at the high level and/or at the low level.

In yet another example, the one or more published wid-
gets may be component(s) and/or plugin(s) that include
existing software and procedures available via an API or

associated software. In an illustrative and non-limiting

example, the existing software and/or procedures may
include Pearson Education’s MLM, REVEL or RIO prod-
ucts.
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In some examples, the software 1s not a published widget
or plugin as described above, but similar approaches and
techniques could be used to access these products 1n ways
similar to a plugin.

In addition to the plugin architecture described above, the
content management system 300 may further include an
adaptive pathway architecture. The plugin architecture and
adaptive pathway systems may represent two major coms-
ponents within the content management system 300 provid-
ing improvements over previously created systems. Working
together, these two components may provide means to
generate personalized courses. Each may include a specific
architecture.

Regarding plugins, the content management system 300
may include an architecture where each of the plugins and/or
other components may include components within one of
several layers. In some examples, the various layers (e.g.,
the components within each layer of the several layers) may
fit together 1 a nested fashion to create and present a
comprehensive course (e.g., learning course content of a
course) and/or learming software application.

In some examples, a collection of plugins may include a
core course or learning application. In such examples, the
core course or learning application may further include one
or more plugin extensions.

In some examples, the layers referred to above may
correlate with the various layers of course architecture:
product, course, lesson, screen application, etc. In an
example, a first layer of the plugin architecture may corre-
spond to a first layer of the course architecture (e.g., a
product layer). In another example, a second layer of the
plugin architecture may correspond to a second layer of the
course architecture (e.g., a course layer). In another
example, a third layer of the plugin architecture may cor-
respond to a third layer of the course architecture (e.g., a
lesson layer). In yet another example, a fourth layer of the
plugin architecture may correspond to a fourth layer of the
course architecture (e.g., a screen application layer).

FIG. 4 15 a block diagram 400 conceptually illustrating an
example of courseware layers, 1n accordance with various
aspects of the techniques described 1n this disclosure. In an
example, a first layer may correspond to a course 402 and/or
a learning application 404. In some examples, the learning
application 404 may include a glossary. In an example, the
glossary may present, via a graphical user interface (GUI),
a number of different courses for a content creator to utilize
for providing a particular learning application for a set of
learner users. In an 1illustrative and non-limiting example,
the learning application and/or course layer may catalogue
various previously-created and/or stored courses that a con-
tent creator may reference to provide learning course content
for a set of learner users (e.g., a class of students, a cohort,
etc.).

A second layer may correspond to one or more unit(s)
406. In some 1nstances, units 406 may be optional. That 1s,
the second layer may be omitted 1n some instances or
absorbed within a third layer corresponding to lessons 408.
When a content creator requests, via the disclosed GUI, a
layer for unit(s) 406, the content management system 300
may provide the second layer for units such that a unit 406
may correspond to a set of lessons 408 (as shown) and a
course 402 may correspond to a set of unmits (as shown). The
third layer may correspond to one or more lessons(s) 408.
The lesson(s) may correspond to a set of units (as shown).
A Tourth layer may correspond to one or more screen(s) 410.
The screen(s) may correspond to a set of lessons (as shown).
A fifth layer may correspond to one or more content com-
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ponent(s) 412. Component(s) may include content that a
content creator may define for inclusion within a particular
screen or within a set of screens. In an illustrative and
non-limiting example, components may include multiple
choice questions (MCQ), text mput, an i1mage, a table,
spacers (e.g., to spread out content on a screen), a video
player, an audio player, etc. A sixth layer may correspond to
one or more scenario(s) 414. In some 1nstances, scenarios
414 may be optional. That i1s, the sixth layer may be omitted
in some 1nstances.

FIG. 5 1s a schematic diagram 500 conceptually 1llustrat-
ing example courseware layers, 1n accordance with various
aspects of the techniques described 1n this disclosure. The
first layer 502 shown may correspond to a course, such as the
course 402 described with reference to FIG. 4. The second
layer 504 shown may correspond to a lesson, such as the
lesson(s) 408 described with reference to the lesson layer of
FIG. 4. The third layer 506 shown may correspond to
screens, such as the screen(s) 410 described with reference
to the screen layer of FIG. 4. The fourth layer 508 shown
may correspond to components, such as the components 412
described with reference to the component layer of FIG. 4.
In the example schematic diagram 500, the course 502 may
not include a unit layer between course 502 and lesson 504.
Accordingly, 1n this example illustrated 1n FIG. 5, the course
502 may have multiple lessons 504, each lesson 504 may
include multiple screens 506, and each screen 506 may
include multiple components 508. In another example, the
schematic diagram 500 may include a unit layer between the
course layer and the lesson layer.

In some examples, any one or more of the layers may be
combined with respect to the plugin architecture and/or the
course architecture. A combination of such layers may thus
represent a learning experience.

Within the learning experience, a {irst part may include
core capabilities, which may include the core platform that
provides the tools necessary to provide the learning expe-
rience. A second part may include core utilities such as
ingestion tooling, which allows the system to ingest various
content, such as textbooks, media, plugins, 3rd party appli-
cations, etc., providing the components necessary to provide
the learning experience. A third part may include one or
more application or course builder applications. As a non-
limiting example, this may overlap with some of the course-
ware concepts introduced above. Specifically, this may
include the tools a user needs to create courses, lessons,
screens, and components. Additional tools may include titles
(e.g., textbook, e-text ftitles, and/or any other learning
resources, which may include a table of contents for access-
ing the sections within the e-text files, or searchable mate-
rial), product models, learning tools, etc. In some examples,
this third part may also 1include the tools to produce an entire
learning experience for learner users, including applications
and full text-sized presentations. Non-limiting examples
may include applications found 1n the Pearson® Education
catalog, such as MLM, REVEL, RIO, etc. A fourth part may
include extensible plugins and templates. Non-limiting
examples may include title players, title renderers, lesson
types, 3rd party tools, sims & widgets, types for screens and
questions, and the like. In some examples, this fourth part
may include plugins, applications, or other components in
addition to the plugins and applications used to generate the
core learning application. In such examples, the core leamn-
ing application may also be made up of plugins and com-
ponents. Thus, like the courseware concepts described
above, these four parts for utilizing plugins may be nested
together.
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Any combination of these layers, or any combination of
plugins, may be used together to generate learning course
content of a learning application, and the flow may further
include plugins that extends the core platform. Nested
within the learning course content (e.g., a core platform) for
the learming application (e.g., a core application) may be
components, such as titles, texts, e-texts, and/or other learn-
ing resources that may themselves be a plugin that plugs into
the learning course content for a learning application.

Likewise, lessons or assessment types (which may
include components, simulations, widgets, etc. and may be
dragged and dropped as questions, answers, lab experi-
ments, etc. to be plugged into the lessons or screens) may
also be plugins nested within or added to the learning course
content for a learning application, which may also be
plugged 1nto the titles, and so forth. The example could be
continued to include custom components, where the user
(e.g., a content creator) changes question types, €.g., to
match a video player.

As demonstrated above, the plugin architecture (as well as
the pathway architecture described below) may be fully
extensible. As a non-limiting example, if a content creator
has produced a first learning course content for a learning
application, that learning course content for the learning
application may be fully extensible at the content creator’s
discretion. In some examples, a content creator (e.g., a
system administrator, instructor, etc.) may be able to pro-
duce a second product application from the first application.
In an example, the content creator may do so by picking and
choosing various elements, such as by adding additional
plugins, etc. The content creator may continue to generate
additional product applications by continuing to add,
remove, or rearrange plugins to create similar title plugins,
or similar screens within any number of product applica-
tions. This extensibility may turther provide great tlexibility
to users.

As noted above, plugin developers may have access to
documentation for the user of plugins. Thus, because of the
extensibility and flexibility of the plugin architecture, these
plugin developers may have the ability to completely change
the way these courseware items look, feel, and behave. For
example, using the basic courseware structure:

course>lesson>screen>component
as well as the plugin architecture described above, plugin
developers may render each part of the courseware sepa-
rately, via plugins, so each part of the courseware structure
may be customized and extended 1n whatever way the plugin
developer requires.

As noted above, 1n some examples, a plugin may be
injected into an application, thereby making 1t a component
or extension within the learning application, such as a
learning application product. In the content management
system 300, the plugin developer and/or content creator(s)
may then implement code associated with the plugin, allow-
ing users to interact with the plugin in order to receive and/or
generate data associated with the plugin. These plugins may
therefore be driving content delivery to one degree or
another.

(Given the ability of developers or other users to 1mple-
ment code associated with the plugins, the content manage-
ment system 300 may further provide content wrappers
security, tracking of user interaction and the like. In some
examples, this code may be incorporated in the screens
within the application. The screens may be customized
based on customized flows. In another example, the screens
may be customized based on users such as content creators
(e.g., instructors) and other users, such as learner users.



US 11,657,728 B2

23

In some examples, the content management system 300
may enable a content creator to select the content and the
pathway through the content, which the content creator
believes 1s the best for their particular content offering. Thus,
using the WYSIWYG (What You See Is What You Get)
editor and plugins described 1n detail above, the content
creator may build a website for learner users, which may be
customizable and easily configurable and editable.

To accomplish this, the content creator may access the
API of one or more particular plugins (e.g., described
above), and select the applicable plugins, including plug-
and-play elements and components, as well themes, 1n order
to generate the customized website content for the learner
user experience. In some examples, the content management
system 300 may incorporate a broader and more beneficial
approach to managing learning content. In an example, a
content creator may utilize the content management system
300 to select any combination of plugins and/or themes,
associate code for individual and/or combinations of
plugins, which customizes a pathway through the combina-
tion of plugins, and apply these components to an academic
or other educational software application, providing its own
more complicated space.

In addition, the disclosed embodiments are both simpli-
fied and more complex. Specifically, the disclosed embodi-
ments are more simplified than approaches known 1n the art,
because the applications created herein are built using a very
small singular component, specifically plugins, which can be
plugged into the system 1n customized ways to generate
entire customized applications. The system, however, 1s also
much broader and more flexible than content management
systems known in the art, which tend to limit components to
small widgets or other like components. In an example, the
disclosed embodiments allow content creators to create
entire applications (e.g., Pearson Education’s MLM or
REVEL) using these plugins and organizing such plugins
into a hierarchy of plugins. In addition, the applications are
infinitely extendable by including additional plugins, which
may be used to create entirely new applications.

The hierarchy of plugins referred to above may be made
up of plugins nested within additional layers. Specifically,
the content creator may use the plugins, and the specific
types of plugins, to design layers within the application
(possibly using the layers described 1n more detail above),
and these plugins, types, and/or layers may be continually
layered and nested to create a customized combination of
plugins.

Each of the plugins, layers, and nesting within the hier-
archy may cross-reference other plugins, layers, and nesting,
possibly using the customized pathways (e.g., a combination
of user-specified free pathway type connections, linear path-
way type connections, graph pathway connections, and/or
hub & spoke pathway connections, etc.) described 1n more
detail herein, representing a significant improvement over
the prior art. As above, each of the hierarchy and nesting of
the plugins, layers, and so forth, may be infinitely extensible
in any way desired by the content creator, so that the
application’s relationship between plugins, layers, nesting,
etc. 1s customized to the content creator and the user
experience.

In addition to the designed and created learming applica-
tion, made up of various plugins, layers, types, nesting, and
the relationships between them, the content creator (e.g., an
instructor) may further design and customize one or more
pathway architectures through the application and 1ts hier-
archies, layers, and nesting of various combinations of
plugins and plugin architectures described above.
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The relationships established for the plugins, described
above, may overlap fairly heavily with such pathway archi-
tectures. As noted above, the disclosed embodiments repre-
sent a significant improvement over current systems 1n that
they are extensible and customizable. Additional improve-
ments represented by the disclosed technology include the
content creator’s ability to design and customize an inter-
active portion of the application, which may be specific to
learning data (e.g., pathway architecture that tracks a learner
user’s interactions 1n order to demonstrate that the learer
user has mastered one or more concepts), 1n some examples.

Returning to the courseware structure described above,
the example disclosed above (e.g., course>lesson>
screen>component) may represent a more traditional struc-
ture, which 1s predictable, but also limited 1n 1ts flexibility.
Thus, the disclosed embodiments represent a significant
improvement over the prior art because, rather than only
being capable of generating online courseware that 1s struc-
tured predictably, the disclosed embodiments allow a con-
tent creator to design and generate applications that include
more complex and varied courseware, which 1s more flex-
ible 1n relation to existing underlying data structures.

Thus, 1 order to accommodate the flexibility needed for
more complex and varied courseware, some embodiments in
the content management system 300 may include an Activ-
ity, Pathway, Interactive, and Component (APIC) structure.
In some examples, the content management system 300 may
utilize and combine one or more elements of the APIC
structure. In an example, the content management system
300 may utilize and/or combine the one or more elements of
the APIC structure like bulding blocks for the learming
application, 1n order to make any type of courseware needed
by the administrator, content creator, instructor, etc.

The first element of the Activity, Pathway, Interactive, and
Component (APIC) structure may include an activity. In
some examples, An activity may include a set of pathways,
lessons, assessments, courses, units, and the like through
which a learner user may progress. In some examples, the
content management system 300 may score a set of such
pathways, lessons, assessments, courses, units, efc.

In some examples, the content management system 300
may store both a course and a lesson as a set of activities.
That 1s, the courseware structure may not necessarily need
to distinguish between a course and a lesson 1n various
examples.

The second element of the Activity, Pathway, Interactive,
and Component (APIC) structure may include a pathway.
This pathway may 1nclude a set of activities and/or interac-
tives (described in more detail below), as well as the rules
and logic for navigating the pathway (e.g., for ‘walking’
through the set of activities and/or the set of interactives).
The disclosed embodiments may include several different
types of pathways, each with different rules determining
which ‘activity’ or ‘interactive’ the content management
system 300 may render for a learner user to view (e.g., see)
next along the pathway(s).

In some examples, the content management system 300
may support a linear pathway type. In an example, a linear
pathway may show the learner user each of the learner user’s
activities or interactives 1n a linear fashion. In an example,
the linear pathway may show the learner user each of the
learner user’s activities or interactives one at a time until the
learner user has completed all of the learner user’s activities
and/or interactives. In such examples, a learner user may
follow a fixed pathway without the learner user having to
make decisions along the pathway regarding which activity
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or interactive the content management system 300 1s to
render for the learner user next while the learner user
navigates the pathway.

In some examples, the disclosed embodiments support a
free pathway type. In an example, a free pathway may show
everything (e.g., all screens, all content, etc.) all at once. In
an example, a free pathway may allow the learner user to
choose what to see.

In some examples, the disclosed embodiments may sup-
port a ‘graph’ pathway type. In an example, a graph pathway
of the graph pathway type may allow a user to navigate (e.g.,
move through) different screens configured along the graph
pathway.

In some examples, the disclosed embodiments may sup-
port possible pathway variants as well. In such examples, the
pathway variants may be driven by one or more machine
learning (ML) models deployed for (e.g., trained on) assess-
ments and practice sets.

In some examples, the graph pathway type may identify
certain triggers that may control how a particular student
navigates (e.g., moves through) a graph pathway of the
graph pathway type. In an example, the content management
system 300 may receive user input defining a set of pathway
connections between courseware elements (e.g., between
screens) and a set of conditions for navigating the set of
pathway connections 1n a graph pathway architecture. The
content management system 300 may generate learning
course content based on (e.g. based entirely on or at least 1n
part on) the user input.

In some examples, the learner users may navigate the
graph pathway based on rules defined by the content creator
(e.g., an 1nstructional designer, a content builder, an author,
etc.). These rules may reference any learner user’s interac-
tion within any component on a current screen accessed by
the learner user. In some examples, this concept may be
expanded/extended to include learning-objective perfor-
mance, one or more learner user score(s), learner user details
(e.g., location, demographics), calculated variables and the
like, possibly according to the user data (e.g., the set of user
data items) stored in database 110.

In some examples, the graph pathway functionality may
teed back into specific student feedback. In an 1illustrative
and non-limiting example, as learner users get questions
right or wrong (or use i1dentified ‘wrong’ keywords in short
answer or essay questions, for example), the content man-
agement system 300 may allow for providing specific feed-
back to the learner user that would indicate where the

problem 1s, and update the recommended next steps for the
learner user.

It should be noted that this behavior 1s not limited to the
graph pathway, and this functionality may apply to other
components within the content management system 300. For
example, 1n all screens, regardless of pathway, the content
creator may apply functionality to provide specific feedback
to a learner user that indicates the problem and updates, and
recommends specific next steps to learner users. That 1s, the
graph pathway controls which screen the learner user sees,
and “scenarios” determine the feedback shown to the learner
user.

The third element of the APIC structure may include
interactives. Interactives may include interactive screens or
pages that may ask the learner user a question. Interactives
include conditions for success or failure, and actions for
what to do next, typically with adaptive feedback.

The concepts associated with interactives may be roughly
analogous to the concepts within a QTI format. As with
activities described above, mteractives may be configured to
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track progression, attempts, and scoring, and may also
include and display components, discussed in more detail
below. However, in some examples, unlike activities
described above, interactives cannot contain additional path-
ways.

Thus, the conditions referred to above may be triggers or
other conditions attached to content to control how a user
interacts with the content or moves on to new content. As
noted above, each condition may be associated with one or
more rules that define next steps taken in real time according,
to any learner user interaction within any component on a
current screen. In some examples, this may be expanded/
extended to include learning-objective performance, one or
more learner user score(s), learner user details (e.g., loca-
tion, demographics), calculated vanables, and the like.

The concepts and components of the system described
above may work together, using any combination of plugins
within an adaptive pathway or architecture, as described
herein. The content management system 300 may therefore
include a highly extensible adaptive pathway or architecture
(also referred to herein as “pathways™) including a novel
way lfor creating a generic learning and assessment content
management system, made up of the process of content
creators utilizing the plugins described above, which utilizes
a “plug-and-play” approach to adaptivity. This adaptive
pathway architecture may therefore be constructed in such a
way as to allow many different types of adaptivity and
personalization for both content creators (e.g., structors)
and learner users. As a result, the content management
system 300 may present content based on the types of
experiences oflered via a design of a given content creator.

The graph functionality 1n pathways may include multiple
concepts that represent improvements over the prior art.
These concepts may include rolling up multiple adaptivity
types. As non-limiting examples, algorithms used 1n 1mple-
menting these concepts and the adaptivity types may include
one or more Bayesian Knowledge Tracing (BKT) algo-
rithms, one or more Item Response Theory (IRT) algo-
rithms, and/or combinations thereof, and the like. While
described in some examples with reference to BKT algo-
rithms and/or IRT algorithms, for example, the techniques of
the disclosure are not so limited. The content management
system 300 may incorporate any algorithm known in the art
or developed 1n the future, and the description below regard-
ing a designer selecting and 1nserting such algorithms should
in no way limit the disclosed technology.

In examples that incorporate a Bayesian Knowledge Trac-
ing (BKT) algorithm, the content management system 300
may utilize an algorithm to model each learner user’s
mastery of the knowledge being tutored. As a non-limiting
example, a BK'T algorithm may be used 1n used 1n intelligent
tutoring systems, and may model student knowledge, which
may be updated by observing the correctness of each stu-
dent’s interaction in which they apply a skill in question. In
some examples, a BKT algorithm may assume that student
knowledge 1s represented as a set of binary variables, one
per skill, where the skill 1s either mastered by the student or
not. Observations in a BK'T algorithm may be binary. In an
example, a student may get a problem/step either right or
wrong. In examples using the intelligent tutoring systems
referred to above, these systems may use one or more BK'T
algorithms for mastery learning and problem sequencing. In
another example, a BK'T algorithm may operate according to
skill-specific parameters only.

In examples that incorporate an Item Response Theory
(IRT) algorithm, the content management system 300 may
use the IRT algorithm, or any combination of different
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statistical models, to apply a theory of testing based on the
relationship between individuals’ performances on a test
item and the test takers’ levels of performance on an overall
measure of the ability that the test 1tem was designed to
measure. In these examples, the IRT algorithm does not
assume that each 1tem 1s equally difficult for a learner user
to understand or master. Instead, the IRT algorithm may treat
the difliculty of each 1tem (the 1tem characteristic curves) as
information to be incorporated in scaling items.

This approach applies related mathematical models to
testing data, focusing on the item, as opposed to the test-
level focus of classical test theory. In an example, an IRT
algorithm may model a response of each examinee of a
given ability to each item 1n an exam or test. The term “1tem”™
1s generic, covering all kinds of informative items. In an
illustrative and non-limiting example, the items may include
multiple choice questions that have incorrect and correct
responses. In another example, the items may include state-
ments on questionnaires that allow learner users (e.g.,
respondents) to indicate a level of agreement. As such, the
IRT algorithm may be based on the i1dea that the probabaility
ol a correct response to an item 1s a mathematical function
of person and item parameters.

In some examples, the content management system 300
may utilize one or more adaptivity algorithms (e.g., a BKT
and/or IRT algorithm), including any number of algorithm
inputs for the one or more adaptivity algorithms, to facilitate
the development of a pathway architecture. In such
examples, the content management system 300 may feed the
inputs 1into the one or more adaptivity algorithms. In addi-
tion, the content management system 300 may include any
number ol outputs from the one or more adaptivity algo-
rithms. In such examples, the mput(s) for the adaptivity
algorithm(s) and/or the output(s) from the adaptivity algo-
rithm(s) are incorporated into the content management sys-
tem 300.

As a non-limiting example, a key part of the pathway
architecture disclosed herein may be that the inputs and the
outputs are the same across all of the pathways (e.g.,
irrespective of pathway type) and/or may be the same across
such pathways, where the outputs correspond to the particu-
lar inputs fed into the one or more adaptivity algorithms
incorporated 1nto the content management system 300. As a
result, generalizing the mputs and outputs means that
designers can insert any algorithm needed by the content
management system 300 to have the learner user progress
through different environments.

In some examples, the content management system 300
may utilize an Item Response Theory (IRT) algorithm in
development of one or more pathways. In an example, the
content management system 300 may utilize three main
mputs (and 1 some examples, three correlated outputs,
referred to below). A first of these mputs may include a
learner’s progression metric. In an illustrative and non-
limiting example, the progression metric may include a
current position of a learner user within the current course-
ware within the system. A second input may include per-
formance against the courseware. In some examples, this
second 1put may be associated with a progress application
programming interface (API) as a whole. In an example, the
progress APl may determine and/or provide data regarding
how well a learner user performed against the courseware.
In an 1llustrative example, the progress API may determine
and/or provide data regarding the extent to which the learner
user answer questions correctly or incorrectly). In some
examples, this second mmput may be specific to the course-
ware with which the second input 1s associated. A third input
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may be a bit more generic. This input may include compe-
tencies, learning objectives, learning outcomes, and the like.
These mputs may include a conceptual representation of
skills or knowledge that 1s independent of the courseware.
These mputs may be provided/accessed via a competency
API. In an example, a competency API may be applied at the
same level as the progress or the route. In some instances,
the competency API 1s heavily utilized in the mputs and
outputs of those pathway types. Each of these three inputs
may serve as mputs into different pathways (e.g., a linear
pathway, a free pathway, a graph pathway).

As noted above, the output may include the same three
options (learner’s progression, performance against course-
ware, competencies, learming objectives, learning out-
comes). Specifically, the outputs may include the progres-
sion, which determines which screen or lesson shows up
next within the pathway, demonstrating the progression of
the learner.

In examples utilizing an IRT algorithm, the progression
may be an output ol the IRT algorithm. Similarly, in
examples that utilize a BK'T algorithm or a graph pathway
type system, the progression may be the output of these
algorithms.

These pathways may further update competency values.
As non-limiting examples, the competency values may be
associated with general concepts that can have values of
competency or mastery. As non-limiting examples, these
may 1nclude competency or mastery of generic concepts
such as algebra, addition, multiplication, and the like. A third
output may include scoring 1n that pathway or within a
lesson that holds a pathway. As non-limiting examples, a
learner user may have achieved 80%, or 9 points, etc. The
input and/or output applied (e.g., which competency item,
performance value, etc.) may depend on the content creator.

In some examples, the content management system 300
may feed the mputs directly into a particular algorithm (e.g.,
an IRT algorithm, a BKT algorithm, etc.). In some examples,
the content management system 300 may perform a pre-
processing ol the mputs prior to feeding the inputs into the
algorithm.

As a non-limiting example, 1n some examples, the course-
ware may be organized in a hierarchical relationship. Simi-
larly, a competency tree may be organized in a hierarchical
relationship. As a result, when a learner user achieves a
certain performance for low-level items 1n the courseware
(e.g., 1 the user receives 2 points for a low-level 1tem at a
specific screen), that performance score may calculate (e.g.,
roll up) an aggregate competency value, for example, with
optional weight values in some instances. As a result, the
higher level/higher relevancy nodes within a hierarchy for
the competency tree may reflect the aggregate competency
value for a learner user traversing a course and pathway
architecture.

In some examples, the same general concept may apply to
the competency so a very specific competency item may
include a determination of whether the learner user has
demonstrated an understanding of various fundamental con-
cepts. In an illustrative and non-limiting example, the con-
tent management system 300 may determine whether a
learner user has demonstrated an understanding of an addi-
tion or plus sign (e.g., the likes of which may assist learner
users with gaining an understanding of various concepts
such as algebra, addition, multiplication, etc.) or the like. In
such examples, the content management system 300 may
determine whether the learner user has achieved a particular
level of understanding regarding a given fundamental con-
cept. In some examples, this may be achieved using a range
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between 0 and 1. This data may roll up the competency tree
as described above that contributes to the general algebra
terms, concepts or topics, and may further roll up to the
general math terms, concepts, or topics. As above, these
concepts may be likewise applied to the outputs of the
algorithms.

The three example inputs/outputs described above are
non-limiting. In some examples, additional datasets or input
files may be applied.

In some examples, the content management system 300
may utilize an open standard for storing metadata related to
the competencies referred to above. As a non-limiting
example, this may include the IMS Competencies and
Academic Standards Exchange® (CASE®) standard to
exchange and transmit information about rubrics, critena,
and performance tasks, which may not necessarily align to
competencies. The CASE standard describes a tagging hier-
archy, which the content management system 300 may
utilize as attributing performance or scores or point values to
the competency 1tems. In addition, the content management
system 300 may roll the data up or down, and use the data
to feed 1n the pathway nputs and outputs to all of the novel
pathways. This specific use of this standard 1s an 1improve-
ment over the prior art.

Pathway Architectures

In some examples, the content management system 300
may include one or more pathway architectures that spe-
cifically utilize designed adaptivity. In an example, a content
creator may generate a pathway that 1s relatively unique to
the designer and/or the intended users. A server within this
architecture may serve the content within an instructions
design that creates a flow through the system for the user
(e.g., through a pathway or courseware).

In some examples, a content creator 1s able to design a
website framework as described above. In such examples,
the content creator 1s able to create, on top of the website
framework, one or more layers of additional education or
learning experience.

In some examples, the one or more additional layer(s)

may include various application programming interfaces
(APIs) and/or software development kits (SDKs), as are
known 1n the art. In such examples, the APIs and/or SDKs
may access and provide additional layers of plugins.
In this context, plugin developers may define specific
differences between the utilized pathways, specilying the
plugin developer’s choices of how to display the pathway
content, and specifying the plugin developer’s choice as to
which pathways types should be recommended to a content
creator (e.g., a learning designer).

In some examples, the relationship between the activities
and the pathways may include a recursive relationship. In an
example, the recursive relationship between activities and
pathways may allow a content creator to create more deeply
nested courseware.

However, despite a plugin developer’s ability to create
plugins to extend activities, interactives and components, 1n
some examples there may be a fixed set of pathways
available 1n the content management system 300. As a result,
plugin developers, 1n such examples, may recommend a
pathway type, but the choice of pathway may ultimately be
left up to the content creator. In such examples, a plugin
developer may design a set of plugins for activities and/or
interactives to accommodate various pathway types (e.g.,
free pathway types, fixed pathway types, etc.). In an
example, the content management system 300 may receive
and store a set of plugins for activities and/or interactives to
accommodate different pathway types. The content manage-
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ment system 300 may present, €.g., via a graphical user
interface (GUI), a set of various choices 1n pathway archi-
tectures and/or one or more recommended/suggested path-
way types. In such examples, the content management
system 300 may receive, as user mput, a choice of pathway
from a content creator related to the set of various choices
in pathway architectures and/or the one or more recom-
mended/suggested pathway types.

As learner users traverse a pathway architecture, the
content management system 300 may aggregate data asso-
ciated with the learner user. Once that data i1s collected,
agoregated, and accessed, the content management system
300 may execute software logic to make decisions about
(e.g., based upon) the collected and aggregated data. Based
on the data collected for each learner user, the content
management system 300 may change the learning experi-
ence of the learner user, based upon the collected and
aggregated data.

In some examples, each plugin, component, or widget
within the content management system 300 may collect and
aggregate data. In such examples, the plugins, components,
and/or widgets may utilize that data to understand and guide
the student’s learning process (e.g., based on the students’
actions or 1interactions). To accomplish this, the content
management system 300 may, 1n some examples, expose the
state of plugins, widgets, or components 1n response to user
input. In such examples, the content management system
300 may fire (e.g., execute) defined triggers within a learner
user’s traversal of the pathway architecture according to the
state of the plugins. The content management system 300
may then collect and aggregate learner user details, learner
user annotations, learner user history, learner user progress,
route information, and the like from the user interaction.

In some examples, the state of the plugin may be managed
and controlled through the platform itself at a higher level.
In such examples, the content creator may manage or
otherwise control the plugin. In such examples, the content
may be personalized to the learner user. In some examples,
the content management system 300 may be configured to
adaptively respond accordingly to the learner user’s person-
alized content, based on a learner user’s progression through
a particular course.

In some examples, the pathway architecture may include
gated 1tems, which determine which lessons or screens may
be seen by the learner users, based on the learner users’
current scores, which learning objectives the learner users
have completed, etc.

Thus, returming to the concept of conditions above, the
content creator may manipulate the pathway architecture to
include conditions that determine which content a learner
user 1s able to see, as well as determine how the learner user
progresses through the content.

The final element of the APIC structure may include
components 1ncluding standalone interactive question
inputs, widgets, simulations, etc. These components may be
the simplest building blocks, and may be added to both
activities and interactives. In some examples, the function-
ality of such components may be limited to displaying and
tracking their own configuration and learning state. Thus,
the learning application described above may be one or more
specific types ol components.

Plugins may exist at various levels within the disclosed
embodiments, which may drive the components within an
application. As a result, there are multiple ways that a user
(e.g., a content creator, a learner user, etc.) may see the
content or the components on any given page or screen
within the application. In some examples, the content editor
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may include multiple templates for generating content. In an
illustrative and non-limiting example, the WYSIWYG edi-
tor may 1nclude multiple templates that may be utilized by
the content creator to generate a website. In some examples,
the lowest level plugins may be found within a build menu
of the application associated with the templates. Higher
level plugins (e.g., sims and widget plugins) may exist
within applications as component-level plugins which may
be associated at an application level.

Plugins may also exist at a screen level, so if a content
creator adds a screen, the content creator may be provided
access to screen-level plugins. In such examples, the content
creator may select one or more of the screen-level plugins.
As noted above, multiple levels of plugins may exist, so by
selecting a template-level plugin, the user may then be
presented with one or more screen-level plugins, and a
selection of any one of these may automatically present the
content creator with one or more additional plugins, 1n some
examples. Non-limiting examples of plugins at the screen
level may include 3D screens, automation screens, proce-
dure screens, traverses, and the like.

Templates and plugins may also exist at an application,
course, or lesson level. In an example, at a top level of the
WYSIWYG editor, for creating a course or a lesson, a
content creator may be presented with a list of templates. In
an illustrative example, when If the content creator selects a
blank template category, the content management system
300 may present all available plugins at the top level (e.g.,
application-level plugins) in instances where the content
management system 300 determines, upon receiving user
input from a content creator’s device, that the content creator
has selected a blank template category. In some non-limiting
examples, such plugins may include IT Pro plugins, e-text
course plugins, other demo plugins, and the like.

In some examples, lower-level plugins (e.g., YouTube
component plugins) may need to be prepared to interact with
the plugin API, so that these plugins are capable of providing,
state (e.g., a learning state of the learner user) and other
learner user data to the content management system 300. In
an example, lower-level plugins (e.g., low-level component
plugins) may be dragged and dropped 1nto an application, or
otherwise embedded within the application. In some
examples, the content management system 300 may collect
and aggregate data from a set ol low-level component
plugins (e.g., YouTube component plugins), taking advan-
tage ol the existing APIs to expose data (e.g., a user’s
progress through a YouTube wvideo), to determine what
percentage of the low-level component plugin was com-
pleted (e.g., the user’s status within the video, did they
complete the video, did the learner user watch all of the
video, did the learner user watch less than a threshold
percentage of the video, did the learner user skip over
content, etc.). That 1s, while being a low-level component
plugin, there 1s still significant data to be collected, aggre-
gated, and analyzed based on the user’s actions. Based on
this data, a learning experience for a learner user may be
turther customized (e.g., redirecting the learner user, per-
sonalize the content based on third party tools, etc.).

Thus, using interactive elements, components, or plugins,
content creators may change or mampulate anything within
the application, for example, based on a set of learner user
interactions. In some examples, the set of learner user
interactions may be recorded, then may analyze conditions
and apply associated algorithms (e.g., a diagnostic algo-
rithm, a summative algorithm, or a designed adaptivity
approach) to redirect the learner user through a customized
pathway to a specific screen, thereby creating a very inter-
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active and highly personalized specific journey through the
application for the learner user.

In addition to the embedded YouTube video scenario (e.g.,
determining where a learner user has stopped a video)
described above, further non-limiting examples of specific
user data being derived from a specific scenario or condition
within the application may include scenarios or conditions
where a learner user 1s taking a health class, for example,
where the content management system 300 has access to the
learner user’s vital signs (e.g., heartrate, possibly obtained
via one or more wearable devices, etc.). In such examples,
the content management system 300 may generate a request
for a learner user to submit and/or analyze their vital signs
for an assignment. In these examples, the content creator
may have conditions or scenarios in which the content
displayed to a learner user 1s customized according to the
learner user’s vital signs, or train the learner user to measure
these vital sign values for themselves. The flexibility and
customization options within the content management sys-
tem 300 may allow an application to accomplish such use
cases.

In such examples, the content management system 300
may receive data from any device and/or system that a
learner user physically interacts with, for example, through-
out the application (e.g., a learning application) for a course.
In addition, or alternatively, the content management system
300 may generate a knowledge map that runs external or
parallel to the created content. In some examples, the
content management system 300 may store all the data
generated so that it 1s available to the content management
system 300 and users thereol at any subsequent point 1n
time. In addition, or alternatively, the content management
system 300 may determine, for a learner user, a set of
performance metrics relative to the associated topic (e.g., a
health class-related topic) and/or one or more learming
objectives (e.g., score, learning outcome, performance for
standards or competency, etc.).

In some embodiments disclosed herein, a graphical user
interface (GUI) 1s generated (e.g., by the content manage-
ment system 300) and interacted with by a user for various
purposes. For example, the one or more servers 112 may
generate the GUI, for example, by retrieving, from a
memory, instructions and/or data that together define or are
executed to define the GUI (e.g., 1n terms of content and/or

presentation of the content of GUI). The one or more servers
112 may transmit the GUI 316 to one or more of the client
devices 106. A client device 106 may display the GUI 316,
receive user input mdicating user interactions with the GUI,
and provide indications of the received user input back to the
one or more servers 112. The server 112 may respond or
react based on the received indications of the user input by
one or more of updating the GUI 316 (e.g., with a learning
course content rendering 318), generating learning course
content (e.g., courseware), modifying courseware, transmit-
ting courseware, and the like. The GUI 316 may include a
plurality of GUI screens, several of which are illustrated in
the drawings as discussed below. The GUI screens may
display content and have elements (e.g., drop down menus,
text entry boxes, soit buttons, and the like) with which a user
may interact with via, for example, peripheral I/O devices of
the client device 106. In the discussion that follows, refer-
ences to a user providing mput via a GUI or GUI screen may
refer to a user interacting with an element of a GUI screen
(e.g., via a peripheral I/O device of a client device 106) to
cause the client device 106 to provide an indication of the
user mput to the one or more servers 112.
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FIG. 6 1s a schematic diagram conceptually 1llustrating an
example screen 600 of a graphical user interface (GUI) for
generating learning course content, 1n accordance with vari-
ous aspects of the techniques described in this disclosure.
The example GUI screen 602 illustrated may include an
option 604 to add courseware. In such examples, the content
management system 300 may generate a GUI screen 602 of
a GUI to present the option 604. In such examples, the
content management system 300 may generate additional
options of the GUI screen 602 for a user to add different
types ol courseware. In an 1illustrative and non-limiting
example, the GUI screen 602 may include an option to add
a course 606, a unit (not shown), a lesson 608, a screen 610,
etc. In another example, the GUI screen 602 may include an
option to add a new component (not shown).

FIG. 7 1s a schematic diagram conceptually 1llustrating an
example GUI screen 700 eliciting user mput corresponding
to a course, in accordance with various aspects of the
techniques described 1n this disclosure. For 1llustration pur-
poses, the example GUI screen 700 1s shown as a next GUI
screen of the disclosed GUI that may follow the GUI screen
602 described with reference to FIG. 6 (e.g., 1n response to
receiving a user selection of the option to add the course
606).

The example GUI screen 700 1llustrated may include an
option 702 to browse categories of courses plugins. In an
example, the content management system 300 may generate
the GUI screen 700 upon accessing a plugins catalog 304
from database(s) 110 described with reference to FIGS. 1
and 3. The content management system 300 may generate
the GUI screen 700 to provide the categories of plugins and
to enable a content creator to {filter the course plugins
according to predefined criteria of the GUI screen 700. In an
example, the GUI screen 700 may include a blank category
704 that includes blank course plugins. In another example,
the GUI screen 700 may include a second category that
includes course plugins that are prepopulated with certain
screens and/or content components. In some examples, the
course plugins may correspond to a particular course topic
(e.g., mathematics, biology, chemistry, etc.) or sub-topics
(e.g., chemistry labs, biology labs, etc.). In some examples,
the GUI screen 700 may not include categories 702 or filters.
That 1s, the GUI screen 700 may present all course plugins
available to a content creator, or a subset of course plugins
available to particular content creators. In an example, a
GUI screen 700 generated for a biology teacher may present
a subset of course plugins from the plugins catalog 304 that
correspond to biology.

In some examples, a content creator may select the blank
category 704 to view all of the available blank course
plugins 704 or a subset of blank course plugins 704 from the
plugins catalog 604. The GUI screen 700 may include an
input field or dropdown field for naming the course. In an
example, the GUI screen 700 may elicit input from a user for
a course name 706. In such examples, the content manage-
ment system 300 may receive user input including a course
name. The content management system 300 may determine
from the user input the course name. In an illustrative and
non-limiting example, the content management system 300
may determine the user mput includes a course name of
“Biology 101,” and as such, may store the course being
created under that course name.

In some examples, the blank course plugins 704 may
include a first course plugin 708 and in some instances, may
include additional course plugins 710A-N (e.g., a second
course plugin 710A, another course plugin 710N). The
course plugins may include a synopsis for the course plugin
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that describes the course plugin for a content creator to
consider when selecting one or more of the course plugins.
In some instances, the course plugins may be combinable
with other course plugins. In another example, a course
plugin (e.g., the first course plugin 708) may be seli-
contained. Upon being selected, the course plugin may be
used to create a course.

FIG. 8 1s a schematic diagram conceptually illustrating an
example GUI screen 800 eliciting user iput corresponding
to a pathway, in accordance with various aspects of the
techniques described 1n this disclosure. For 1llustration pur-
poses, the example GUI screen 800 1s shown as a next GUI
screen of the disclosed GUI that may follow the GUI screen
700 described with reference to FIG. 7. In an example, GUI
screen 800 may follow a user selection of a first course
plugin 708 from the GUI screen 700. In another example,
GUI screen 800 may follow a user selection of any other
course plugin 710A-N from the GUI screen 700.

In some examples, the content management system 300
may generate GUI screen 800 to elicit user input including
a pathway type for a set of lessons or in some 1nstances, for
a set ol umts. The pathway type may include a dropdown
menu 802A allowing the user to select a pathway type. The
pathway types may include a predetermined set of pathway
types corresponding to the selected course. In an 1llustrative
and non-limiting example, the pathway types may include a
linear pathway type, a free pathway type, and/or a graph
pathway type. The GUI screen 800 may present additional
and/or diflerent pathway types depending on the course
plugin selection from the GUI screen 700. In some
examples, GUI screen 800 may present an additional option
802B for defiming additional pathway types. In an example,
a course plugin may provide the option for multiple pathway

types to apply for navigating courseware components of a
course (e.g., lessons, units, etc.).

In an example, the course may include extra lessons or
units. A content creator may select from a predefined list of
pathway types. In some examples, the GUI screen 800 may
include a different number of pathway types for various
portions of the course. In an 1illustrative example, the GUI
screen 800 may include options for multiple pathway types
for a first set of lessons of the course, and may include only
one option for one pathway type for a second set of lessons
of the course. While GUI screen 800 shows two sets of
lesson(s) or unit(s), the techniques of this disclosure are not
so limited, and GUI screen 800 may include more or less
unit(s) or lesson(s), for example, based on the selected
course.

In an 1llustrative example, a content creator may provide
user mput via a field or a menu 802A (e.g., an example GUI
component of the GUI screen 800) that indicates a free
pathway type for a set of lesson(s) of the course. The content
management system 300 may receive the user mput indi-
cating the free pathway type for the set of lesson(s) of the
course. In such examples, the content management system
300 may generate the GUI to include the GUI screen 800. In
such examples, the GUI screen 800 may include a particular
set of pathway types for user selection, and may receive the
user put, via the GUI, indicating a pathway type to apply
to a particular set of lessons (e.g., a first lesson, a first lesson
and a second lesson, etc.) of a course.

FIG. 9 15 a schematic diagram conceptually illustrating an
example linear pathway 900 between an example selection
ol courseware elements, in accordance with various aspects
of the techniques described 1n this disclosure. In an example,
the courseware element 902A may represent a first lesson.
The first courseware element may include a pathway con-
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nection 904 between the first courseware element 902A and
a next courseware element 902B. In an example, the course-
ware element 902B may represent a second lesson. A third
courseware element 902C (optional) may represent a third
lesson, a fourth courseware element 902N (optional) may
represent a fourth lesson, and so forth. In such examples, the
pathway connection 904 represents a linear pathway that a
content creator may define, via the GUI, to define a rela-
tionship and/or pathway between various courseware ele-
ments ol the course.

With the linear pathway architecture, a learner user may
start with a first courseware clement 902A (e.g., a first
lesson) and may need to satisty a defined condition before
proceeding to the next courseware clement 902B. In an
example, the content management system 300 may impose
a user-defined condition that one or more learner users of a
class may advance to a second lesson 902B only after
satistying a condition applied to the first lesson 902A. In
some examples, the conditions may apply to all learner users
in a class, may apply differently for different learner users 1n
a class, and/or may change dynamically based on the per-
formance of one or more learner users 1n the class. That 1s,
learner users 1n a class may start along one pathway type and
alter performing some tasks, the pathway types may change
to fit the performance of the individual learner users. This
functionality may be enabled with user selection of a par-
ticular lesson plugin 710A-710N that elicits user input to
define such dynamic pathways for the learning course con-
tent.

While described here with reference to lessons for the
courseware elements 1n this example for illustration pur-
poses, the techniques of this disclosure are not so limited. In
an example, the courseware elements 902A-902N may cor-
respond to screens, such as when a content creator 1s
defining pathway connections or a pathway type with
respect to screens of a lesson or unit.

FIG. 10 1s a schematic diagram conceptually illustrating
an example free pathway 1000 between an example selec-
tion of courseware elements, in accordance with various
aspects of the techniques described 1n this disclosure. In an
example, the courseware element 1002A may represent a
lesson, the courseware element 1002B may represent a
lesson B, and the courseware element 1002C may represent
an optional lesson N (e.g., 1n no particular order). The
courseware eclements 1002A-N may correspond to, for
example, screens of a lesson in other examples. In any case,
the courseware elements 1002A-N may flow from a previ-
ous courseware element or the course or lesson may 1nitiate
with presentation to a learner user of any of the courseware
clements 1002A-1002N. With a free pathway architecture,
the learner user may freely navigate between any of the
courseware elements 1002A-1002N without having to navi-
gate through a first courseware element before proceeding to
a next courseware element.

While described here with reference to lessons for the
courseware elements in this example for illustration pur-
poses, the techniques of this disclosure are not so limited. In
an example, the courseware elements 1002A-1002N may
correspond to screens, such as when a content creator 1s
defining pathway connections or a pathway type with
respect to screens of a lesson or unit.

FIG. 11 1s a schematic diagram conceptually illustrating
an example graph pathway 1100 between an example selec-
tion of courseware elements, in accordance with various
aspects of the techniques described 1n this disclosure. In an
example, the courseware element 1102 may represent a first
lesson, the courseware element 1110 may represent a lesson
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B1 followed by a lesson B2, the courseware element 1106
may represent another lesson C1, the courseware element
1112 may represent another lesson C2, and the courseware
clement 1114 may represent a downstream lesson N. In an
illustrative example, the learner user may advance, 1in a
graph pathway architecture, from courseware element 1102
to either courseware element 1102 along pathway connec-
tion 1108 or courseware element 1106 along pathway con-
nection 1104, depending on whether the learner user satisfies
a condition relative to pathway connection 1108 or pathway
connection 1104. In an example, the learner user may
advance from a first lesson A to lesson C1 along pathway
connection 1104 when the learner user satisfies, at the first
lesson A, a particular score threshold, or may advance from
the first lesson A to lesson B1 along pathway connection
1108 when the learner user satisfies, at the first lesson A, a
different score threshold.

In some examples, the pathways may converge 1n a graph
pathway architecture, but not necessarily. The graph path-
way architecture may have multiple branch points to provide
additional pathway connections between courseware ele-
ments. While described here with reference to lessons for the
courseware elements 1 this example for illustration pur-
poses, the techniques of this disclosure are not so limited. In
an example, the courseware elements 1102-1114 may cor-
respond to screens 1n a graph pathway architecture, such as
when a content creator 1s defining pathway connections or a
pathway type with respect to screens of a lesson or unit.

FIG. 12 1s a flowchart 1200 illustrating an example
method and technique for generating learning course content
including a lesson element, in accordance with various
aspects of the techniques described 1n this disclosure. The
flowchart of FIG. 12 utilizes various GUI screens of a GUI
that are described below with reference to FIGS. 13-17. In
some examples, the process 1200 may be carried out by the
server(s) 112 illustrated in FIG. 3, e.g., employing circuitry
and/or software configured according to the block diagram
illustrated 1n FIG. 2. In some examples, the process 1100
may be carried out by any suitable apparatus or means for
carrying out the functions or algorithm described below.
Although described with respect to the content management
system 300 and particular GUI screens, in some examples,
other systems and/or GUI screens are used to implement the
flowchart 1200. Additionally, although the blocks of the
flowchart 1200 are presented 1in a sequential manner, in some
examples, one or more of the blocks may be performed 1n a
different order than presented, 1n parallel with another block,
or bypassed.

At block 1202, a server (e.g., one or more of the server(s)
112, also referred to as the server 112) may generate, for
display on a client device, a graphical user interface (GUI)
comprising a content editor for defining courseware includ-
ing a first lesson. In an 1llustrative and non-limiting example,
the GUI may include a GUI screen 1300 as shown 1n FIG.
13. FIG. 13 1s a schematic diagram conceptually 1llustrating,
an example GUI screen 1300 eliciting user input for gener-
ating a lesson for the learning course content, 1n accordance
with various aspects of the techniques described in this
disclosure.

The GUI screen 1300 may include one or more category
filters 1302 with blank lessons 1304, similar to the blank
courses, for example, described with reference to FIG. 7.
The GUI screen 1300 may request a lesson name 1306 and
illustrate a lesson catalogue. The lesson catalogue may
include various lessons for a content creator to select 1n
creating learning course content. In an example, the GUI
screen 1300 may include a standard lesson 1308 A, a stitched
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lesson 13088, a hub & spoke lesson 1308C, or any other
lesson type 1308N. The server(s) 112, via processing cir-
cuitry, may generate the GUI screen 1300 to include any
number of lesson plugins. The server(s) 112 may access the
lesson plugins from plugin catalog 304. That 1s, database(s)
110 may store imnformation corresponding to various lesson
plugins. The server(s) may determine a set of lesson plugins
1308A-N to present via the GUI screen 1300 based on a
particular course and/or pathway architecture chosen for the
course. In an 1llustrative and non-limiting example, a par-
ticular course plugin may cause the server(s) 112 to generate
the GUI to include lesson 1308A and 1308B only, or in
another example, to 1nclude one or more plugins for lesson
1308N and/or other lesson plugins. In an example, a user
input may include selection of a first lesson plugin 1308A,
a second lesson plugin 1308B, or a combination of the first
lesson plugin 1308A and the second lesson plugin 1308B,
depending on the content creator’s selection via the GUI at
GUI screen 1300.

At block 1204, the server (e.g., the server 112) may
receive user input including a pathway type selection defin-
ing permissible pathway connections between screen
plugins of the first lesson. In an example, a first lesson may
include a set of screens defined by one or more screen plugin
selections. That 1s, a screen plugin may correspond to one or
more screens of a lesson.

In an 1illustrative and non-limiting example, the GUI may
include a GUI screen 1400 as shown in FIG. 14. FIG. 14 1s
a schematic diagram conceptually illustrating an example
GUI screen 1400 eliciting user mput corresponding to a
pathway that defines pathway connections between lesson
screens, 1n accordance with various aspects of the techmques
described 1n this disclosure.

The GUI screen 1400 may include one or more input
ficlds 1402. A content creator may define a pathway type
using the one or more 1mput ficlds 1402. In an 1llustrative and
non-limiting example, the content creator may provide user
input with a pathway type selection of a graph pathway type,
as described for example, with reference to FIG. 11, a linear
pathway type, as described for example, with reference to
FIG. 9, or a free pathway type, as described for example,
with reference to FIG. 10. The server(s) 112 may receive the
user input with the pathway type selection. The server(s) 112
may thus determine from the user input that the lesson being
created 1s to include a pathway of a specified type that
defines permissible pathway connections between screens
plugins of the lesson.

At block 1206, the server (e.g., the server 112) may
receive user input mcluding a selection of screen plugins
indicating a set of screens to include for the first lesson. In
an 1illustrative and non-limiting example, the GUI may
include a GUI screen 1500 as shown in FIG. 15. FIG. 15 1s
a schematic diagram conceptually illustrating an example
GUI screen 1500 eliciting user input for generating a screen
for the learning course content, in accordance with various
aspects of the techmques described 1n this disclosure.

The GUI screen 1500 may include one or more screen
types 1508 A-1508N for a user to select. In an 1llustrative and
non-limiting example, the screen types may include a 3D
screen 1508A, a cover screen 1508B, a procedure screen
1508C, a standard screen 1508D, a stitched screen 1508E,
and/or any other screen type 1508N. In some examples, a
learner user may select multiple screen types when certain
screen types are combinable with other screen types. In an
example, a learner user may select procedure screen 1508C
and stitched screen 1508E. In another example, a learner
user may select procedure screen 1308C and 3D screen
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1508A. In another example, a learner user may select
standard screen 1508D, stitched screen 1508E, and a 3D

screen 1508A. In some examples, the server(s) 112 may
tailor the screen plugins shown via GUI screen 1500 based
at least 1n part on the user-specified pathway connection type
(e.g., Iree pathway type, linear pathway type, graph pathway
type, etc.). In such examples, the server(s) 112 may receive
the selection of screen plugins 1508 A-1508N to be added to
the lesson. In some examples, the learner user may provide
a name 1506 for the screen via GUI screen 1500. In such
examples, the server(s) 112 may receive a selected name for
the selected screen(s) of the lesson.

At block 1207, the server (e.g., the server 112) may
receive user input including content definition that defines
content on each screen corresponding to the selection of
screen plugins. In an 1illustrative and non-limiting example,
the GUI may iclude one or more of a GUI screen 1600 as

shown 1n FIG. 16, a GUI screen 1700 as shown 1n FIG. 17,

or a combination of GUI screens 1600 and/or 1700. In an
example, the server 112 may receive user input via a GUI
screen, such as the GUI screen 1600 described with refer-
ence to FIG. 16. FIG. 16 15 a schematic diagram conceptu-
ally 1llustrating an example GUI screen eliciting user input
for defining content for a screen of the learning course
content, 1n accordance with various aspects of the tech-
niques described in this disclosure. The GUI screen 1600
may present to a content creator a first screen 1602 of the
screens corresponding to the selection of screen plugins. In
such examples, the GUI screen 1600 may provide content
(e.g., text, images, videos, assessments, other components,
or the like) that the content creator may select to add to the
screen 1602. The screen 1602 may include insertable por-
tions 1604A-1604B defining particular areas or sections
within the screen 1n which to add content.

In some examples, a content panel 1608 1s provided on the
GUI 1600. The content panel 1608 enables selection of
pre-defined components for addition to the screen 1602. The
pre-defined components may include, for example, media
components 1610 (e.g., text, image, table, video player,
audio player, or spacer); question or assessment components
1612 (e.g., multiple choice question(s), short text
question(s), long text question(s), number mput question(s),
number slider question(s), dropdown menu question(s));
activity components 1614 (e.g., matching activities, group-
ing activities, ordering activities); among other components.
The pre-defined components may provide a template, and
the content creator may then customize the component by
adding 1n a particular text, image, video, or the like when
adding the component to the screen 1602.

Additionally or alternatively, the server 112 may receive
user input via a GUI screen, such as the GUI screen 1700
described with reference to FIG. 17. FIG. 17 1s a schematic
diagram conceptually illustrating an example GUI screen
providing an example library catalogue of components to
include for a particular screen, 1n accordance with various
aspects of the techniques described in this disclosure. In
such examples, the content definition receirved 1n block 1207
may include a selection of a content component 1704A-
1704N. The content definition may indicate a selection of a
content component to mclude on a particular screen of the
lesson. In some 1nstances, a content creator may search a
searchable database via search field 1702. The content
creator may find any content plugin (e.g., a multiple-choice
plugin 1704 A, a free response plugin 1704N, etc.) to include
at a given location, such as the insertable portion 1604 A of
FIG. 16. In some examples, the GUI screen 1700 provides
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a more complete library or a library with additional search
and/or navigation functions than provided by the content

panel 1608 of FIG. 16.

In some examples, the content management system 300
may be extended to draw conclusions based on the aggre-
gated data about learner user behavior. In such examples, the
content management system 300 may use this learner user
behavior data to demonstrate patterns for a particular learner
user and/or for all learner users utilizing content manage-
ment system 300.

As a non-limiting example, the content management
system 300 may utilize aggregated data and one or more
machine learning (ML) models and/or artificial intelligence
(Al) algorithms to analyze behavior indicators, such as click
events or user interactions in order to determine that a
current user 1s not engaging with the presented content. In an
example, the content management system 300 may deter-
mine that a particular set of actions attributable to a learner
user indicate that the learner user 1s trying to move through
material quickly. In an illustrative example, the material may
include a 30-minute YouTlube video lecture i which a
content creator expects to have a great reception from the
learner users. Yet, the learner users may be observed to be
attempting to move through the material more quickly than
the content creator anticipated, as indicated, for example, by
the learner users either stopping the video or skipping
through at the S-minute mark of the video, for example. The
content management system 300 may generate a recommen-
dation based on this data. In an illustrative and non-limiting
example, the recommendation may include a suggestion that
the video be broken up or presented differently.

In some examples, the content management system 300
may utilize the data and one or more ML models and/or Al
algorithms to detect engagement. In an example, the content
management system 300 may determine that users are
comprehending and/or engaging with the material. In such
examples, the content management system 300 may recom-
mend similar content 1n future applications, such as those
generated by the content creator.

In some examples, the content management system 300
may 1include collaboration elements. As a non-limiting
example, the content management system 300 may 1dentily
conditions triggered 1n a classroom environment, so that
data may be retrieved from certain user devices (e.g., a set
of user devices the content management system 300 detects,
or determines to be, within the classroom environment). In
such examples, the content management system 300 may, 1n
turn, transmit, to an instructor device, data retrieved from the
set of user devices. In this non-limiting example scenario, an
instructor may then utilize the data to drive content dis-
played 1n the class, 1n-class quiz questions, etc. User devices
may then respond to quiz questions, providing feedback and
so forth. In such examples, the content management system
300 may receive user input from a user device including one
or more responses and/or feedback. In some examples, the
content management system 300 may store the user input 1n
database(s) 110. In another example, the content manage-
ment system 300 may transfer, to a computing system 200
(e.g., an 1nstructor device), a set of data items corresponding
to the user mnput.

Collaboration may further apply to non-limiting example
scenar1os 1n which there are multiple content creators using
the same tools and environments within the same system
(c.g., the content management system 300) to generate
learning course content for a shared learner user experience
in a common course, for example.
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In some examples, the disclosed graphical user interface
(GUI) and the content management system 300 represent
further improvements, relative to the prior art, in the realm
of, for example, social learning and/or collaboration
between users, to name but a few examples. In this example
scenario, learner users may also benefit from the collabora-
tive environment, so that learner users 1in the same course
may collaborate on the same matenal, for example, working
physically on the same screen, or on different simulations on
plugins. In such examples, the content management system
300 may facilitate a threading together of a set of plugins
(e.g., 1n a pathway architecture) 1n such a way as to build
collaborative experiences.

Once the content creator has selected a chosen set of
plugins, and organized them within a pathway architecture
in such a way that the chosen set of plugins may present a
customized experience for one or more learner users, the
content management system 300 may then display the
learning course content to the learner users according to the
pathway architecture and selection of screens.

In some examples, the content management system 300,
via the plugin system and associated widgets, may select
data, possibly from the database(s) 110 as disclosed above,
related to user responses, user history, user preferences, user
performance, etc.

In some examples, the content management system 300
may engage 1 sandboxing activity for security reasons. In
an example, the content management system 300 may
secure user data (e.g., a set of user data items). When the
content management system 300 has secured the user data,
the content management system 300 may communicate a set
of learner user progress metrics and/or a set of learner user
scoring metrics. Similarly, the content management system
300 may be configured to save learner user states (e.g.,
learning states) and communicate/provide data to be stored
in the database and utilized within plugins to know how to
best respond to a set of learner user interaction(s) within
those plugins and so forth.

At block 1208, the server (e.g., the server 112) may
receive user mput including pathway connection iforma-
tion. The pathway connection mnformation may define a set
of pathway connections between screens. That 1s, the path-
way connection information may define a set of pathway
connections between screens corresponding to the selection
of screen plugins. In some examples, the screen plugins
(e.g., selected via GUI screen 1500) may correspond to a set
of screens for the lesson. In an example, the lesson may
include a set of screens configured according to the selected
screen plugin or plugins (e.g., stitched screen 1508E, stan-
dard screen 1508D, etc.).

In an 1llustrative example, the lesson may include a first
screen, a second screen, and a third screen that correspond
to a stitched screen plugin as indicated by the selection of
screen plugins (from the previous block). In addition, a GUI
screen may elicit user mput for a number of pathway
connections between the first screen, the second screen, and
the third screen. In such instances, a content creator would
define the set of pathway connections between screens
according to the pathway type chosen for the screens. For
example, the pathway connections that a content creator
may select, and/or that the GUI screen may provide as
selectable options, may be constrained to those pathway
connections defined as permissible for the pathway type
chosen (1n block 1204). For example, when a free pathway
was chosen based on the pathway type selection, the content
creator may define pathway connections between any screen
of first, second, and third screens. These defined pathway
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connections may result in the first screen, the second screen,
and the third screen arranged 1n a free pathway. Because the
first, second, and third screens correspond to the stitched
screen plugin, the screens may further be provided mn a
stitched screen configuration, as described in further detail
below. In another example 1n which a linear pathway was
chosen based on the pathway type selection, the content
creator may be limited to defining a single pathway con-
nection to each screen and a single pathway from each
screen, to result in a linear pathway (see, e.g., FIG. 9).
Accordingly, the user input may define pathway connections
between the first screen and the second screen and third
screen 1n accordance with the pathway type. In this way, the
server(s) 112 may receive the user input including the
pathway connection information. The server (e.g., the
server(s) 112) may determine from the user input a set of
pathway connections that link a number of screens selected
of one or more screen plugin types.

At block 1210, the server (e.g., the server 112) may
receive user input including condition definition imnformation
defining at least one condition for navigating the pathway
connection(s). In an 1llustrative and non-limiting example,
the GUI may include a GUI screen 1800 as shown in FIG.
18. The server 112 may receive user input via a GUI screen,
such as the GUI screen 1800. FIG. 18 1s a schematic diagram
conceptually 1illustrating an example GUI screen eliciting
user input for defining conditions for imposing system
controls over navigation of the learning course content, 1n
accordance with various aspects of the techniques described
in this disclosure. In such examples, the GUI screen 1800
may elicit user mput defining conditions for moving
between various screens along the pathway connections.
Accordingly, the server 112 may receive user input including,
condition information for controlling navigation through
screens of a lesson. For example, 1 a lesson with a first,
second, and third screen 1n a linear pathway where the first
screen precedes the second screen, and the second screen
precedes the third screen, the condition definition informa-
tion may define the conditions that are to be satisfied for a
learner user to progress from the first screen to the second
screen, and then from the second screen to the third screen.
The conditions may take various forms. For example, a
condition to progress from the first screen to the second
screen may be that a learner user correctly answers a
question on the first screen, correctly answers a certain
percentage of questions on the first screen, the client device
106 plays an entire video on the first screen, a timer elapses,
among others and so forth.

As described below, the server may receive the condition
information as part of scenario information, where a sce-
nario 1804 may be added to any one or more screens (e.g.,
screen 1802). The server 112 may receive the scenario
information to define a condition that, when met, results in
a particular action (e.g., progress learner user to next screen,
revert learner user to previous screen, remove certain con-
tent from screen 1802, etc.). In any case, the server 112 may
determine from the user input the condition definition infor-
mation that defines condition(s) for navigating the pathway
connections between screens of the lesson.

In some 1nstances, the server 112 may further determine
from the user mput condition definition information that
defines condition(s) for navigating pathway connections
between content items (e.g., between multiple choice ques-
tions) that correspond to user-selected content component
plugins for a screen of the lesson. In an example, the server
112 may determine, from the user mput defining conditions,
that when a learner user answers a particular multiple-choice
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question 1ncorrectly, the server 112 1s to activate a video
plugin 1n the user’s viewing window explaining a concept
tied to the question answered incorrectly. In another
example, the server 112 may determine, from the user input
defining conditions, that when a learner user answers a
particular multiple-choice question correctly, the server 112
1s to activate a next screen of the lesson such that the learner
user may advance to the next screen of the lesson 1n response
to the learner user answering that question correctly.

In an 1llustrative and non-limiting example 1n the case of
a linear pathway, the condition definition information may
specily, in one example, that when the learner user has
scrolled down 75% of the way through a first screen, the
server 112 may cause a stitching of the next screen in the
linear sequence. In another illustrative and non-limiting
example 1n the case of a graph pathway, the condition
definition 1nformation may be more elaborate. In an
example, the condition definition information may specity
that when a learner user answers a question correctly, and the
learner user has scrolled down 75% of the way, the server
112 may cause a second screen to pull up and stitch to a first
screen, as opposed to stitching the first screen to a third
screen that server 112 would pull up and stitch when the
learner user answers the question incorrectly. While a few
examples are given for condition defimition information, the
techniques of this disclosure are not so limited and the
condition definition information may take on many difierent
forms as would be understood by those skilled 1n the art.

At block 1212, the server (e.g., the server 112) may then
generate learning course content based at least 1n part on the
user mput. In some examples, the server(s) 112 may receive
the user input in multiple parts, or may receive the user input
in one part. In any case, the server(s) 112 may synthesize the
user mput to generate the learning course content based on
the user input, for example, recerved pursuant to blocks
1204-1210. That 1s, the user input may include one or more
of the user mput described with reference to blocks 1204-
1210. In some examples, the GUI screens described with
respect to blocks 1206-1210 may be 1teratively generated
and used to elicit user mput multiple times to define the
screens, pathway connections, content definition, and con-
dition definition information for the first lesson. Further, the
iterations may not occur in the sequential order 1llustrated 1n
FIG. 12. For example, the GUI screen 1500 may be gener-
ated and used to elicit user mput multiple times to define
each screen of the first lesson before the content definition,
pathway connections, and/or condition definition informa-
tion 1s elicited from the user.

Accordingly, the server may generate the learning course
content based on user iput the server 112 recerves via GUI
screens described with reference to blocks 1204-1210 or via
a combination of GUI screens described with reference to
blocks 1204-1210, such as 1n a single GUI screen that allows
server 112 to recetrve the user input described with reference
to blocks 1204-1210. In some examples, generating the
learning course content includes the server 112 storing the
first lesson, as defined based on the user input received 1n
blocks 1204-1210, 1n a memory. In some embodiments, the
learning course content generated i block 1212 includes
one or more additional lessons (e.g., defined by user input,
such as provided in blocks 1204-1210) 1n addition to the first
lesson.

At block 1214, the server (e.g., the server 112) may
transmit the learning course content to the client device. In
an example, the server(s) 112 may transmit the learning
course content to client device 106A, client device 106B of
FIG. 1, and/or any other client device. In such examples,
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server(s) 112 may transmit the learning course content via
the communication network 120. In another example, the
server(s) 112 may update a window with the learning course
content 1n real-time as a content creator 1s creating the
learning course content 1n a what you see 1s what you get
(WYSIWYG) editor. That 1s, the server(s) 112 may receive
the user mput and output 1n real-time the learning course
content. This, for example, would show a content creator on
a client device 106 the learning course content that the
content creator 1s creating via the user mput.

Stitched Screen Configuration

FIG. 19 1s a flowchart 1900 illustrating an example
method and technique for generating learning course content
including a stitched screen configuration, 1n accordance with
various aspects of the techniques described in this disclo-
sure. In some examples, the process 1900 may be carried out
by the server(s) 112 illustrated 1in FIG. 3, e.g., employing
circuitry and/or software configured according to the block
diagram 1illustrated 1n FIG. 2. In some examples, the process
1900 may be carried out by any suitable apparatus or means
for carrying out the functions or algorithm described below.
Although described with respect to the content management
system 300 and particular GUI screens, in some examples,
other systems and/or GUI screens are used to implement the
flowchart 1900. Additionally, although the blocks of the
flowchart 1900 are presented in a sequential manner, 1n some
examples, one or more of the blocks may be performed 1n a
different order than presented, 1n parallel with another block,
or bypassed.

At block 1902, a server (e.g., one or more of the server(s)
112, also referred to as the server 112) generates a graphical
user intertace (GUI) for providing courseware on a client
device (e.g., a client device 106), where the courseware
includes one or more lessons including at least a first lesson.
For example, the server 112 may transmit instructions and
data to a browser or other client software on the client 106
to generate and/or cause the display of the GUI on a display
of the client device 106. An example of GUI screens
collectively forming an example of such a GUI 1s provided
in the various figures herein, including FIGS. 6-8, 13-18, etc.

At block 1904, the server (e.g., the server 112) receives
user input via the GUI and over a communication network
(e.g., the network 120). The user mput includes a stitched
screen request for the first lesson, a selection of screens that
indicates the screens to be added to the first lesson, content
definition defining content on each screen of the screens,
pathway connection mformation defining pathway connec-
tions between the screens, and/or condition definition infor-
mation defining at least one condition for navigating
between the screens along the pathway connections. For
example, to recerve the stitched screen request, the GUI
generated by the server 112 as part of block 1902 may cause
the display of a GUI screen 1300 on the client device 106,
the display of the GUI screen 1500 on the client device 106,
or another GUI screen or component.

In the case of the GUI screen 1300, the client device 106
may receive selection of the stitched lesson 1308B by a user.
The client device 106 may, 1n turn, transmit an indication of
this selection to the server 112 over the communication
network 120. The server may receive and interpret this
indication as a stitched screen request. In the case of the GUI
screen 1500 being displayed on the client device 106, the
client device 106 may receive selection of the stitched
screen 1508E by a user. The client device 106 may, 1n turn,
transmit an 1ndication of this selection to the server 112 over
the communication network 120. The server may receive
and interpret this indication as a stitched screen request. In
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the case of another GUI screen or GUI component being
displayed on the client device 106, the client device 106 may
receive user input that indicates a request for a stitched
screen 1n another form, such as by checking box, using a
drop-down list, or the like to select a stitched screen format
for two or more screens. Regardless of the particular mecha-
nism to receirve the stitched screen request, the request
indicates that the first lesson 1s to include a stitched screen
configuration, as described further below.

As noted, at block 1904, the server 112 may also receive
the selection of screens, via the GUI, that indicates the
screens to be added to the first lesson. In an example, the
server 112 may receive a selection of at least two screens to
be included 1n the first lesson. The server 112 may receive
user input indicating a number of screens to include 1n a
lesson upon indicating a type of screen plugin. In an
illustrative example, the server 112 may determine from the
user input that the lesson 1s to 1include a set of screens 1n a
stitched screen configuration, and that the number of screens
1s to 1nclude a varniable amount that includes at least two
screens for the set of screens of the lesson. In some
examples, this portion of block 1904 related to screen
selection 1s 1mplemented using similar techniques as
described above with respect to block 1206 of FIG. 12.

As noted, at block 1904, the server 112 may also receive
content definition, via the GUI, defining content on each of
the screens selected for the lesson, or for a set of screens
within the lesson. In an example, the server 112 may receive
content definition including one or more locations on a
screen, as well as a set of content components to include on
the screen at the one or more locations. In an 1illustrative
example, the server 112 may receive content definition
defining content, such as a content plugin to include at
insertable portions 1604A-1604B of FIG. 16. In an 1llustra-
tive and non-limiting example, the server 112 may receive
content definition defining a video player located at portion
16048, for example, with text content defined via the user
input at portion 1604A. In some examples, this portion of
block 1904 related to content definition 1s implemented
using similar techniques as described above with respect to
block 1207 of FIG. 12.

As noted, at block 1904, the server 112 may also receive
pathway connection nformation, via the GUI, defining
pathway connections between the screens. In an example,
the pathway connections may include a relationship between
various screens of a lesson. In an 1llustrative example, FIG.
20 15 a block diagram conceptually illustrating an example
GUI screen 2000 for defimng pathway connections between
screens of the lesson, 1n accordance with various aspects of
the techniques described i1n this disclosure. In such
examples, the server 112 may determine from the user input
to provide a first pathway connection 2004 from a first
screen 2002 to a second screen 2006. In addition, the server
112 may determine from the user mput to provide a second
pathway connection 2008 between the second screen 2006
and a third screen 2010. In addition, the server 112 may
determine from the user mput to provide a third pathway
connection 2012 between the second screen 2006 and a
fourth screen 2014. In such examples, the server 112 may
determine from the user mput to monitor a defined scenario
to determine whether to engage the second pathway con-
nection 2008 or to engage the third pathway connection
2012. In addition, the server 112 may determine from the
user input to provide a pathway connection 2016 and a
pathway connection 2018 to arrive at a fifth screen 2020 and
may determine to provide an optional seventh pathway
connection 2022 that routes back to the second screen 2006.
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In such examples, the server 112 may receive the pathway
connection information, via the GUI, with the pathway
connection 1nformation defining pathway connections
between the screens, such as the illustrative example
described with reference to FIG. 20. The user input may
include pathway connection imnformation for each pathway
connection 1illustrated 1 FIG. 20, for example. In another
example, the user mput may include pathway connection
information for a subset of the pathway connections. In such
examples, server 112 may define the remaining pathway
connections automatically, such as through deployment of a
machine learning model or artificial intelligence algorithm,
in some examples. In some examples, this portion of block
1904 related to defining pathway connections 1s 1mple-
mented using similar techniques as described above with
respect to block 1208 of FIG. 12.

As noted, at block 1904, the server 112 may also receive
condition definition information, via the GUI, defining at
least one condition for navigating between the screens along
the pathway connections. In an example, the server 112 may
receive conditions (e.g., triggers) that modily or dictate a
route of a learner user as the learner user navigates from one
screen ol a lesson to a next screen of the lesson. In an
illustrative example, the condition definition information
may provide a condition that, when met at the second screen
2006, results 1n the server 112 providing a third screen 2010,
and that, when another condition 1s met at the second screen
2006, results i the server 112 providing a fourth screen
2014.

While described with reference to FI1G. 20, the techniques
of this disclosure are not so limited. In an example, FIG. 20
illustrates a graph pathway type. However, the lesson may
include a linear pathway type instead 1n some examples, and
thus, the condition defimtion may cause the server 112 to
restrict a learner user from navigating to a second screen
2006 of the lesson until the learner user has satisfied a
particular condition at a first screen 2002. In such examples,
the learner user may navigate from screen 2002 to screen
2006 along a linear pathway 2004 pursuant to a user-defined
condition that the learner user 1s to satisiy at screen 2002 to
proceed to screen 2006 of the lesson. In some examples, this
portion of block 1904 related to receiving condition defini-
tion information 1s implemented using similar techniques as
described above with respect to block 1210 of FIG. 12.

At block 1906, the server 112 may configure, based at
least 1n part on the user input, a stitched screen configura-
tion. In such examples, the server 112 may generate the
stitched screen configuration to include a selection of
screens and condition definition information for the selec-
tion of screens. In some examples, the stitched screen
configuration may 1include a dynamic f{file that, when
executed, causes a dynamic stitching of screens together 1n
real-time as the screens are being viewed on a client device
106. In such examples, the stitched screen configuration may
include a dynamic file that defines which screens follow and
precede other screens and what conditions link the screens
so as to provide the pathway connections between screens.
Accordingly, the stitched screen configuration in a dynamic
file may, 1n real-time, select a particular screen to present on
a client device 106 responsive to user input in real-time (e.g.,
a user scroll request, a user’s answer to a question, etc.). In
another example, the stitched screen configuration may
include a static file that preconfigures the screens into a
stitched screen configuration that may not necessarily
respond to user input in real-time. In some examples,
configuring the screens 1n the stitched screen configuration
includes setting a stitched screen indicator or parameter to a
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value (e.g., “1” or “TRUE”) for each of these screens to
indicate the server 112 1s to stitch certain screens together as
the server 112 generates the screens for display. Screens that
are not configured to be stitched may have the stitched
screen indicator or parameter set to another value (e.g., a “0”
or “FALSE”) to indicate that the screens should not be
stitched.

At block 1908, the server 112 may generate, based at least
in part on the stitched screen configuration, one or more files
with learning course content for a learning application. In
such examples, the learning course content may include the
stitched screen configuration. In some examples, generating,
the learning course content 1ncludes the server 112 storing
the first lesson, as defined based on the user input receirved
in block 1904 and the stitched screen configuration, 1n a
memory. In some examples, the server 112 may transmit the
learning course content for the learming application to one or
more client device(s) 106. In an example, the server 112 may
transmit the learning course content via the commumnication
network 120.

FIG. 21 1s a flowchart 2100 illustrating an example
method and technique for generating learning course content
including a stitched screen configuration, in accordance with
various aspects of the techmiques described 1n this disclo-
sure. In some examples, the process 2100 may be carried out
by the server(s) 112 illustrated 1n FIG. 3, e.g., employing
circuitry and/or soitware configured according to the block
diagram 1illustrated 1n FIG. 2. In some examples, the process
2100 may be carried out by any suitable apparatus or means
for carrying out the functions or algorithm described below.
Although described with respect to the content management
system 300 and particular GUI screens, 1n some examples,
other systems and/or GUI screens are used to implement the
flowchart 2100. Additionally, although the blocks of the
flowchart 2100 are presented in a sequential manner, in some
examples, one or more of the blocks may be performed 1n a
different order than presented, 1n parallel with another block,
or bypassed. The tlowchart 2100, for illustration purposes, 1s
described with reference to the GUI screens described with
reference to FIG. 20 (described above) and FIGS. 22, and
23, which are briefly described below before returning to the
discussion of the flowchart 2100 of FIG. 21.

FIG. 22 1s a schematic diagram conceptually 1llustrating,
an example presentation of screens of a lesson, displaying an
example stitched screen configuration defined 1n FI1G. 20, 1n
accordance with various aspects of the techniques described
in this disclosure. In FIG. 22, a GUI portion 2200 may
include one or more of: a set of screens 2202A-N, a viewing
window 2204, a scroll bar 2206, and/or a stitch 2208. FIG.
23 15 a schematic diagram conceptually illustrating another
example presentation of screens of a lesson, displaying an
example stitched screen configuration defined 1n FIG. 20, 1n
accordance with various aspects of the techniques described
in this disclosure. In FIG. 23, a GUI portion 2300 may
include one or more of: a set of screens 2302A-N, a viewing
window 2304, a scroll bar 2306, and/or a stitch 2308. As
described i1n further detail below, FIG. 22 illustrates a
scenar1o i which Screen 3 1s stitched to and follows Screen
2, whereas FIG. 23 1llustrates a scenario 1n which Screen 4
1s stitched to and follows Screen 2. In each case, Screen 5
and Screen 2 in dashed boxes are tentative screens that the
server 112 1s poised to stitch (e.g., render 1n a stitched screen
confliguration) to a previously rendered screen (e.g., Screen
3).

Returning to FIG. 21, at block 2102, a server (e.g., one or
more of the server(s) 112, also referred to as the server 112)
generates a graphical user interface (GUI) for providing
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courseware on a client device, the courseware including one
or more lesson(s). The GUI generated by the server 112 may
include a collection of GUI screens rendered on the client
device 106 enabling display of, interaction with, the course-
ware. Initially, the GUI may include a GUI screen rendered
on the client device 106 of the user, where the GUI screen
displays icons or representations of one or more lessons of
a previously generated learning content. In some examples,
the GUI screen may display the 1cons of the one or more
lessons 1n a similar manner as the lesson plugins 1308 are
displayed on the GUI screen 1300 of FIG. 13. In some
examples, one or more of the lessons icons displayed on the
GUI screen may have been generated and stored in the
system 300 using the method described with respect to the
flowchart 1900 of FIG. 19 and/or the tlowchart 1200 of FIG.
12. As explaimned further below, the server 112 may update
the GUI to ultimately provide a lesson of the courseware
rendered on the client device 106, where this lesson includes
screens 1n a stitched screen configuration.

At block 2104, the server 112 may receive a lesson
request that identifies a first lesson of the one or more
lessons. In such examples, the first lesson may include a set
of stitched screens arranged in a stitched screen configura-
tion. Although referred to as “a set of stitched screens,” such
screens may not yet be stitched. Rather, the “set of stitched
screens’ may refer to screens that are configured to be
stitched (e.g., stitchable screens) when navigating the first
lesson. The first lesson may include at least one pathway
connection defined between at least two of the screens 1n the
stitched screen configuration, and at least one condition
predefined for navigating between the at least two screens
along the at least one pathway connection. In an example,
the first lesson may include Screens 1 through 5 described
with reference to FIGS. 20-23.

At block 2104, the server 112 may receirve, via a network
(e.g., the network 120) and the GUI referenced in block
2102, the lesson request from a learner user i1dentilying a
particular lesson (e.g., the first lesson of FIGS. 20-23). For
example, the GUI may include a GUI screen rendered on the
client device of the user, where the GUI screen displays
icons or representations of one or more lessons of a previ-
ously generated learning content. The client device may
receive a user selection of one of the lessons, and provide an
indication of the lesson selected by the user as the lesson
request to the server 112. In some examples, the GUI screen
may display the 1cons of the one or more lessons 1n a similar
manner as the lesson plugins 1308 are displayed on the GUI
screen 1300 of FIG. 13. In some examples, the first lesson
identified by the lesson request was generated and stored 1n
the system 300 using the method described with respect to
the flowchart 1900 of FIG. 19.

At block 2106, the server 112 may cause a display or
rendering of at least a first screen of the first lesson. For
example, the server 112 may cause at least a viewing
window portion of a first screen of the set of stitched screens
to display on the GUI of the client device 106. In an
example, the viewing window may correspond to a resolu-
tion of a viewing or display screen of the client device 106.
In an 1llustrative and non-limiting example, the server 112

may render a viewing window that resembles the viewing
window 2204 described with reference to FIG. 22 or 2304

described with reference to FI1G. 23. With respect to FIG. 22,
for example, the learner user may utilize the viewing win-
dow 2204 to view screen 2202A and screen 220B that have
been rendered for viewing 1n the viewing window 2204. For
purposes of illustration the flow chart 2100, the screen
2202B (‘Screen 2’) may be considered the first screen.
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However, 1n some examples, other screens may be consid-
ered the first screen. For example, as will become apparent
from the continued discussion of the flowchart 2100, in the
process of displaying and navigating screens 1n a stitched
screen configuration, a screen currently being displayed 1n
the viewing window 2204 may be referred to as a first screen

in the flowchart 2100, and the next screen to be stitched may
be referred to as a second screen 1n the flowchart 2100.

At block 2108, the server 112 may receive, via the GUI,

user mput relative to content on the first screen 2202B (e.g.,
‘Screen 27) of the set of stitched screens 2202A-N. In an
example, the server 112 may receive user input indicative of
a learner user interacting with content on the screen 2202B.
In an illustrative example, the server 112 may receive user
input indicative of the learner user answering a multiple-
choice question on the screen 2202B. The user input may
alternatively or additionally include a scroll down command
(e.g., by dragging down a scroll indicator or selecting a
down arrow of the scroll bar 2206).

At block 2110, the server 112 may determine a second (or
next) screen of the first lesson based on the user input. In an
example, the server 112 may determine the next screen
based on the user mput according to a first pathway con-
nection between the first screen and the second screen, and
the at least one condition. For example, the server 112 may
reference pathway connection information for the first les-
son and condition definition information for the first lesson
to determine what screen follows the first screen or screens
currently being displayed in viewing window 2204/2304.
The pathway connection information for the first lesson may
define the first pathway connection between the first screen
and the second screen. The condition definition information
may define the at least one condition that 1s to be satisfied to
enable the GUI to proceed along the first pathway connec-
tion to display the second screen. In an illustrative and
non-limiting example, the server 112 may render Screen 3
(as shown 1n FIG. 22) or alternatively Screen 4 (as shown 1n
FIG. 23) depending on whether the user input satisfies the
condition.

In one example, as the user scrolls down along screen
2202B (‘Screen 27) using scroll bar 2206, the server 112 may
be triggered upon the viewing window 2204 reaching a
certain point (e.g., where the lower portion of the viewing
window 2204 1s 73% down along the screen 2202B) to
execute block 2110 to determine the next screen. In response
to this trigger, the server 112 may determine whether the
condition associated with each pathway connection from the
first screen 1s satisfied, including determining whether the at
least one condition associated with the first pathway con-
nection 1s satisfied. In response to the server 112 determining
that the at least one condition 1s satisfied, the server 112
selects the screen connected to the first screen by the first
pathway connection to be the second screen. With reference
to FIG. 20, 1n the case that user mput satisfies the condition
associated with pathway connection 2008, screen 2010
('Screen 3') 1s selected as the second screen. In the case that
the user input satisfies the condition associated with pathway
connection 2012, screen 2014 (*Screen 47) 1s selected as the
second screen. In some examples, the condition(s) associ-
ated with pathway connections 2008 and 2012 are assess-
ments and the user iput are user responses or answers to the
assessments. As an example, when the user mput indicates
a correct answer to a question, the condition of the pathway
connection 2008 may be satisfied, whereas when the user
input indicates an incorrect answer to the question, the
condition of the pathway connection 2012 may be satisfied.
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Atblock 2112, the server 112 may cause a rendering of the
second screen stitched to the first screen in response to a
scroll request. In some examples, the server 112 may cause
a rendering of Screen 3 (as shown in FIG. 22) or alterna-
tively Screen 4 (as shown 1n FIG. 23) as the second screen
stitched to the first screen (*Screen 2°) in response to the
scroll request. In an example, a learner user may utilize the
scroll bar 2206 to move the viewing window over the set of
screens, moving from one screen to a next screen. Accord-
ingly, 1n response to an interaction detected via the scroll bar
2206 (e.g., indicative of a scroll request), the server 112 may
render a next screen 1n a background 1nstance, such that the
next screen may be ready to display on the client device 106.

As shown in FIG. 22, the Screen 2 and Screen 3 are
stitched together 1n that the bottom border of Screen 2 abuts
the top border of Screen 3 such that downward scrolling
through the screens will appear continuous to a user on the
GUI at the client device 106. Similarly, as shown 1n FIG. 23,
the Screen 2 and Screen 4 are stitched together 1n that the
bottom border of Screen 2 abuts the top border of Screen 4.
Although FIGS. 22 and 23 illustrate vertical scrolling from
top to bottom, 1n some embodiments of the flowchart 2100,
vertical scrolling may occur from bottom to top. Addition-
ally, 1n some embodiments of the flowchart 2100, the
scrolling 1s horizontal from left to right, or from right to left,
such that stitched screens are stitched at left and right
abutting boundaries. Additionally, 1n some embodiments,
scrolling occurs in other directions or along other axes.
Further, 1n some embodiments, the edges of screens are
non-linear but abutting edges of stitched screens comple-
ment one another to form a continuous scrolling experience.
Further, 1n some embodiments, the edges of screens are
non-linear and do not complement one another. In such
embodiments, the server 112 may render filler or padding
content when stitched such edges of screens together to form
a continuous scrolling experience.

After rendering the second screen (e.g., ‘Screen 3™ 1n FIG.
22), in some embodiments, the server 112 may loop back to
execute block 2108 and may consider now consider the
second screen (“Screen 37) currently being displayed as the
“first screen.” Thus, the server 112 may determine the next
screen 1n block 2110 to follow and be stitched to ‘Screen 3.”
In the case of the example 1n FIG. 22, this next screen would
be screen 2202D (e.g., ‘Screen 5°). The server 112 may then
cause a rendering of this next screen (e.g., ‘Screen 57). The
server 112 may continue to loop back to block 2108 to
continue scrolling through and stitching the screens of the
first lesson. Accordingly, the screens of the first lesson that
are 1n the stitched screen configuration may be scrolled
through 1n a continue manner, with screens being stitched in
real-time as the client device 106 receives scrolling input
(e.g., via the scroll bar 2206/2306).

In some examples, a pathway connection between two
screens of the first lesson do not include an associated
condition. Rather, for example, with reference to FIG. 22,
when Screen 1 1s being displayed and connected by a single
pathway connection to Screen 2, Screen 2 may always be
determined as the next screen that 1s stitched to the bottom
of Screen 1 without regard to evaluation of a condition.
However, 1 other examples, a condition 1s associated with
the pathway connection between Screen 1 and Screen 2. In
the case that the server 112 determines the condition to not
be satisfied, the server 112 may prevent scrolling down
below Screen 1 (e.g., until the condition 1s satisfied).

FIG. 24 1s a flowchart 2400 illustrating an example
method and technique for defining scenarios for the learning,
course content, 1 accordance with various aspects of the
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techniques described 1n this disclosure. In some examples,
the process 2400 may be carried out by the server(s) 112
illustrated 1n FIG. 3, e.g., employing circuitry and/or sofit-
ware configured according to the block diagram 1llustrated
in FIG. 2. In some examples, the process 2400 may be
carried out by any suitable apparatus or means for carrying
out the functions or algorithm described below. Although
described with respect to the content management system
300 and particular GUI screens, in some examples, other
systems and/or GUI screens are used to implement the
flowchart 2400. Additionally, although the blocks of the
flowchart 2400 are presented 1n a sequential manner, in some
examples, one or more of the blocks may be performed 1n a
different order than presented, 1n parallel with another block,
or bypassed. The tflowchart 2400, for 1llustration purposes, 1s
described with reference to the GUI screens described with
reference to FIGS. 25-29.

At block 2402, a server (e.g., one or more server(s) 112,
also referred to as the server 112) may generate a graphical
user interface (GUI) for providing courseware on a client
device 106. In an example, the courseware may include a
lesson and the lesson may include one or more screens. In
such 1nstances, the server 112 may generate the GUI for the
GUI to display the lesson and the one or more screens of the
lesson on a client device 106.

At block 2404, the server 112 may receive user input
including scenario definition information for at least one
scenario to apply for the lesson. In some examples, the
server 112 may elicit scenario definition information, as
shown 1n FIGS. 25-29, where the scenario definition infor-
mation may include conditions and/or actions the server 112
may monitor and/or perform to apply a given scenario to the
lesson.

FIG. 25 1s a schematic diagram conceptually illustrating
an example GUI screen 2500 for defining conditions for an
example scenario, 1n accordance with various aspects of the
techniques described in this disclosure. The GUI screen
2500, as well as the GUI screens of FIGS. 26-29, may
generally be part of a content editor interface of the GUI
enabling the client device 106, based on user iput, to
indicate to the server 112 to add, moditying, and/or remove
content and/or scenarios to a screen of a lesson. In some
examples, the server 112 may generate a GUI screen 2500
that provides a list of condition types 2502 for the content
creator to select as user mput. The GUI screen 2500 may be
generated by the server 112 1n response to recerving of a user
indication to add a scenario to the screen of the lesson. The
server 112 may present the list of condition types 2502 on
the GUI screen 2500 1n response to receiving an indication
to add a condition (e.g., by selecting a soft “+condition”
button on the GUI screen 2500). The list of conditions types
2502 may include conditions based on progress, behavior,
responses, etc. In the next GUI screen 2600, the server 112
receives the user input selecting a condition type for the
scenario (e.g., via selection of a condition on the list of
condition types 2502). In an example, the server 112 may
specily the condition 1s based on a learner user’s response to
questions and/or 1nteractive elements 1n the lesson. FIG. 26
1s a schematic diagram conceptually 1llustrating an example
GUI screen 2600 for defining conditions for the example
scenar1o, 1 accordance with various aspects of the tech-
niques described 1n this disclosure. In the next GUI screen
2700, the server 112 receives the user mput selecting a
particular condition for the scenario. In an 1illustrative and
non-limiting example, the server 112 may specily the con-
dition 1s based on a learner user’s response to multiselect
questions. FIG. 27 1s a schematic diagram conceptually
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illustrating an example GUI screen for defining actions for
an example scenario, 1n accordance with various aspects of
the techmiques described 1n this disclosure.

In addition, or alternatively, the server 112 may generate
a GUI screen to elicit user mput regarding an action. In an
example, the GUI screen may resemble the GUI screen 2800
of FIG. 28. In such examples, the scenario definition infor-
mation may include an action, such as an action for the
server 112 to take when the condition 1s satisfied. In an
example, the scenario definition information may include an
action to advance to a particular screen, such as the next
screen 1n a set of screens. Accordingly, 1n such examples, the
scenario definition information may both define a pathway
connection between screens (e.g., from the current screen to
the particular screen specified) and a condition for that
pathway connection (e.g., the condition evaluated to deter-
mine whether to proceed to the particular screen specified).
Accordingly, defining a scenario, as described herein, may
be used to define path connection information and condition
definition information as described above (e.g., with respect
to blocks 1208 and 1220 of FIG. 12). FIG. 28 1s a schematic
diagram conceptually 1llustrating an example GUI screen for
defining actions for the example scenario, in accordance
with various aspects of the techniques described 1n this
disclosure. In another example, the server 112 may generate
a GUI screen that resembles the GUI screen 2900 of FIG. 29.
In such examples, the server 112 may receive user input
defining an action for the scenario. In an illustrative
example, the action may include action to change an object
on a screen. In an illustrative and non-limiting example, a
particular condition of the scenario may trigger a content
component on a screen, such as an audio player, to change
to another content component, such as a video player. In
another 1illustrative example, the action may include the
server 112 providing feedback for a lesson screen via the
client device, e.g., 1 the form of text on the lesson screen,
audio, or video. FIG. 29 1s a schematic diagram conceptually
illustrating an example GUI screen for defining conditions
for an example scenario, 1n accordance with various aspects
ol the techniques described in this disclosure. As illustrated
in FIGS. 24-28, a particular scenario definition may include
one condition that 1s associated with multiple actions (e.g.,
that the server 112 executes when the condition 1s satisfied),
multiple conditions (e.g., logically OR-ed or AND-ed
together) that are associated with one action, or multiple
conditions that are associated with multiple actions.

At block 2406, the server 112 may generate, based at least
in part on the scenario definition information, the at least one
scenar1o. In an example, generating the at least one scenario
may include storing the defined scenario 1n association with
the lesson and, 1n particular, a screen of the lesson during
which the scenario 1s to be executed. Generating the at least
one scenario may further include setting a scenario indicator
or parameter of the lesson (or a screen thereol) to indicate
the server 112 1s to apply the scenario to perform an action
responsive to a learner user that satisfies, or a class of learner
users that satisty, one or more predefined conditions.

At block 2408, the server 112 may apply the at least one
scenar1o to the lesson. In an example, when the server 112
presents the lesson to a client device 106, the server 112 may
monitor for a learner user of the client device 106 to satisiy
the one or more conditions of the at least one scenario. When
the learner user satisfies the one or more conditions of the at
least one scenario, the server 112 may perform one or more
actions defined for each scenario having a satisfied condition
or conditions. In this way, the server 112 may apply the at
least one scenario to the lesson. As can be understood from
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the discussion above, the method of FIG. 24 can enable a
content creator with little or no programming experience to
create and define scenarios, some of which that may have
complex set of conditions and actions. Further, the method
of FIG. 24 can simplify the creation and definition of
complex conditions and actions even for those content
creators with sigmificant programming experience. Such
advantages can result, for example, from intuitive graphical
user interfaces, such as those described with respect to
FIGS. 25-29.

Storyboard View

FIG. 30 1s a schematic diagram conceptually illustrating,
an example GUI screen for defining and/or visualizing
pathway connections between courseware elements, 1n
accordance with various aspects of the techniques described
in this disclosure. In some examples, a server (e.g., server
112) may generate, for display on a client device 106, a
storyboard rendering 3000. In an example, the storyboard
rendering 3000 graphically illustrates a subset of screen
plugins and the one or more pathway connections between
the subset of screen plugins. In an example, the subset of
screen plugins corresponds to a subset of screens. In such
examples, the storyboard rendering 3000 may illustrate
pathway connections between screens 1 a graphical illus-
tration. In response to recerving a user selection of a
particular screen on the storyboard rendering 3000, the
server 112 may proceed to generate a GUI screen such as
shown 1n FIG. 16, 18, 25, 26, 27, 28, or 29 to enable editing
or defining of the selected screen. As described above,
pathway connections may be defined or modified (e.g., by
defining or modifying one or more scenarios) for a screen.
Accordingly, after such pathway connection(s) are defined
or modified, the server 112 may display an updated version
of the storyboard rendering 3000 that includes the additional
or modified pathway connection(s).

FIG. 31 1s a schematic diagram conceptually illustrating,
an example GUI screen for visualizing pathway connections
between courseware elements, in accordance with various
aspects of the techniques described in this disclosure. In an
example, FIG. 31 1s a schematic diagram of another story-
board rendering 3100. In the storyboard rendering 3100, a
set of pathway connections are shown between sets of
screens (e.g., between screen 3102 and screens 3104A-N,
etc.). In an example, the storyboard rendering 3100 may
provide an optional viewing experience for content creator,
in that the content creator may not utilize the storyboard
rendering 3100 to visualize the screens of a lesson and the
pathway connections between screens ol the lesson. The
storyboard rendering 3100 provides a visual representation
reflecting the learning course content generated based on the
specific input of the content creator (e.g., the content defi-
nition information, the pathway connection information, the
selection of the screen plugins, etc.). Additionally, as 1llus-
trated in FIG. 31, a content creator and/or collaborating
content creators can add notes within the storyboard ren-
dering 3100. The notes may include, for example, a posted
textual note or, conversation-style notes allowing postings
and replies between collaborators.

FIG. 32 1s a schematic diagram conceptually illustrating
an example GUI screen including lesson content predefined
via the example GUI of any one or more of FIGS. 6-20,
24-31, 35, and/or 36, in accordance with various aspects of
the techniques described 1n this disclosure. FIG. 32 repre-
sents a GUI 3200 that the server 112 may generate for
display on the client device 106 of a content creator user.
The GUI 3200 may be part of a WYSIWYG editing inter-

face and includes a screen that 1s presented in the same or
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similar manner as would be viewed by a learner user on a
client device 106. FIG. 33 provides another example of a
GUI 3300 the server 112 may generate for display on the
client device 106 of a content creator user. In an example,
the GUI 3300 may represent a cover screen as the screen in
a particular viewing window of the GUI 3300. FIG. 33 1s a
schematic diagram conceptually illustrating an example
GUI screen including lesson content predefined via the
example GUI of any one or more of FIGS. 6-20, 24-31, 35,
and/or 36, 1n accordance with various aspects of the tech-
niques described 1n this disclosure. The GUI 3300 may be
part of a WYSIWYG editing interface and the cover screen
1s presented in the same or similar manner as would be
viewed by a learner user on a client device 106. FIG. 34 1s
yet another example of a screen 3400 that takes the form of
a procedure screen type in this i1llustrative example. FIG. 34
1s a schematic diagram conceptually 1llustrating an example
GUI screen of lesson content 1 an example procedure
screen context predefined via the example GUI of any one
or more of FIGS. 6-20, 24-31, 35, and/or 36, 1n accordance
with various aspects of the techniques described 1n this
disclosure. FI1G. 34 represents a GUI 3400 that the server
112 may generate for display on the client device 106 of a
learner user.

The content management system 300 may further be
extensible to receive or present data from emerging tech-
nologies, such as extended reality (XR) systems (e.g., aug-
mented reality (AR), virtual reality (VR), mixed reality
(MR), etc.). In an example, the content management system
300 could recerve and aggregate data via these alternative
methods. In some examples, the content management sys-
tem 300 may provide this data as feedback to those systems
(e.g., an XR system).

In some examples, a non-traditional learner user could, as
non-limiting examples, participate 1 environment-driven
courses based on triggers associated with the learner user’s
surroundings. In an 1illustrative and non-limiting example
involving a biology course, a student may be outside hiking
in a forest environment. The content management system
300 may receive user mput related to the environment 1n
which the learner user 1s hiking. In an illustrative and
non-limiting example, the user input may include tempera-
ture, humidity, ecosystem, and/or other such data items. In
an example, the content management system 300 may
receive such user iput via various device sensors (e.g.,
temperature sensors, geolocation sensors, etc.) and/or via
manual input, such as through a keypad user entry. In
another example, the content management system 300 may
determine information related to the environment from an
external source (e.g., via communication network(s) 120. In
response, the content management system 300 may deliver
content pertinent to the particular environment 1n which the
learner user 1s 1n.

In some examples, the content management system 300
may further implement additional 3D and/or extended real-
ity (XR) solutions (e.g., augmented reality (AR) solutions)
that utilize gamification to further encourage user interac-
tion, so that the application goes beyond, for example,
web-based plugins and web-based experience. In some
examples, the application may be further extensible, includ-
ing any combination of a web-based experience, a mobile
app, an XR experience, and the like, all within the same
course, application, or architecture.

In short, the content management system 300 may be
technology agnostic, as 1n the examples above, as long as
there 1s a way to input data into the content management
system 300, and as long as the content management system
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300 can utilize the mput data to i1dentify conditions (e.g.,
triggering and/or tripping conditions) that result in the
generation or creation of a customized pathway through the
application.

FIG. 35 1s a flowchart 3500 illustrating an example
method and technique for generating learning course con-
tent, 1n accordance with various aspects of the techniques
described 1n this disclosure. In some examples, the process
3500 may be carried out by the server(s) 112 illustrated 1n
FIG. 3, e.g., employing circuitry and/or software configured
according to the block diagram 1illustrated 1n FIG. 2. In some
examples, the process 3500 may be carried out by any
suitable apparatus or means for carrying out the functions or
algorithm described below. Although described with respect
to the content management system 300 and particular GUI
screens, 1n some examples, other systems and/or GUI
screens are used to implement the flowchart 3500. Addi-
tionally, although the blocks of the flowchart 3500 are
presented 1n a sequential manner, 1n some examples, one or
more of the blocks may be performed 1n a different order
than presented, 1n parallel with another block, or bypassed.
The flowchart 3500, for illustration purposes, 1s described
with reference to the GUI screen described with reference to
FIG. 36.

At block 3502, a server (e.g., one or more server(s) 112,
also referred to as the server 112) may generate a first
graphical user interface (GUI) 3600 for display on a content
creator client device. In an example, the GUI 3600 of FIG.
36 may include various fields and/or dropdown menus for
cliciting user iput. FIG. 36 illustrates a non-limiting
example ol a GUI for providing the disclosed plugin system
and pathway architecture, 1n accordance with various
aspects of the techniques described 1n this disclosure.

At block 3504, the server 112 may receive, from the
content creator client device via the GUI 3600, user mput
from a client device 106. In an example, the user input may
include a selection of a plurality of plugins, relationships
between plugins, and at least one condition (e.g., rule,
criteria, etc.) for navigating selected plugins (e.g., navigat-
ing lessons, navigating screens of a lesson, etc.). The GUI
3600 includes GUI elements that allow for and elicit the
selection of plugin(s), definition of relationship(s), and defi-
nition of condition(s) by a user of the client device 106. The
client device 106 may provide the selection(s) and defini-
tions received via the GUI 3600 to the server 112.

The selected plurality of plugins may be, for example, a
subset of plugins from the plugins catalog of the database
110. The plurality of plugins may include one or more of a
plurality of unit plugins, a plurality of lesson plugins, a
plurality of screen plugins, and/or a plurality of component
plugins, as described herein. The relationships between
plugins may be or include, for example, pathway connec-
tions. Accordingly, each relationship of the user input may
define a pathway connection between two plugins (e.g.,
between two unit plugins, between two lesson plugins,
between two screen plugins, or between two component
plugins). The at least one condition may include one or more
conditions, with each condition associated with a relation-
ship (or pathway connection). Similar to the discussion with
respect to FIG. 24, during presentation of a lesson or other
courseware portion, 1 response to a condition being satis-
fied (e.g., based on user mput during presentation of a
lesson) for a relationship connecting a current plugin and a
next plugin, the server 112 may proceed from the current
plugin to the next plugin.

At block 3506, the server 112 may generate learning
course content based at least 1n part on the user input. In an
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example, the server 112 may utilize the user mput, including
the selection of a plurality of plugins, relationships between
plugins (e.g., connection pathways between screens), and
the at least one condition (e.g., rule, crniteria, etc.) for
navigating the selected plugins, to generate the learning
course content for a learning application (e.g., for a course,
for a group of learner users in a class, etc.). In some
examples, generating the learning course content includes
the server 112 storing the learning course content, as defined
based on the user input recerved 1n block 3504, in a memory
as one or more {iles.

At block 3508, the server 112 may transmit the learning
course content. In an example, the server 112 may transmuit
the learning course content to the client device 106 over a
network (e.g., the network 120). The client device 106 may
receive the learning course content and display the learning
course content on a display. In some examples, the client
device 106 may be operated by a learner user and the server
112 may be presenting the learning course content to the
learner in an educational context. In some examples, the
client device 106 may be operated by a content creator user
and the server 112 may be providing the learning course
content 1n real-time as a content creator 1s editing the
learning course content 1n a WYSIWYG editor.

Further Examples Having a Variety of Features:

The disclosure may be further understood by way of the
following examples:

Example 1: A system including: a database storing: a
plurality of content plugins; a server including a computing
device coupled to the network and including at least one
processor executing instructions within a memory which,
when executed, cause the system to: generate a first graphi-
cal user interface (GUI) for display on a content creator
client device coupled to the network, the first GUI including:
a first at least one GUI component for selecting a subset of
the plurality of plugins, a second at least one GUI compo-
nent for defiming a relationship between the plurality of
plugins within the subset of the plurality of plugins, and a
third at least one GUI component for defining a custom
pathway through the subset of the plurality of plugins,
including at least one rule or condition for navigating the
subset of the plurality of plugins; receive, from the content
creator client device, user input including the selection of the
subset of the plurality of plugins, the relationship, and the at
least one rule or condition; generate, from the subset of the
plurality of plugins, the relationships, and the at least one
rule or condition, a learning course content for a learming,
application; and transmit the learming course content to at
least one client device for display.

Example 2: A system according to Example 1, wherein the
instructions, when executed, further cause the system to:
store, 1n the database, a plurality of user profile data; select
a user profile 1n the plurality of user profile data; and update
the at least one rule or condition according to the user
profile.

Example 3: A system according to any of Examples 1 or
2, wherein the 1nstructions, when executed, further cause the
system to: determine, from the at least one rule or condition
and a relationship between at least one plugin 1n the subset
of the plurality of plugins, a next course content to be
displayed on a second GUI; and transmit the second GUI to
a learner client device (e.g., a client device corresponding to
a particular learner user) associated with the user profile.

Example 4: A method including: storing in a database
coupled to a network, by a server including a computing
device coupled to the network and including at least one
processor executing instructions within a memory, a plural-
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ity of content plugins; generating, by the server, a first
graphical user interface (GUI) for display on a content
creator client device coupled to the network, the first GUI
including: a first at least one GUI component for selecting a
subset of the plurality of plugins, a second at least one GUI
component for defining a relationship between the plurality
of plugins within the subset of the plurality of plugins, and
a third at least one GUI component for defining a custom
pathway through the subset of the plurality of plugins,
including at least one rule or condition for navigating the
subset of the plurality of plugins; receiving, by the server,
from the content creator client device, user mput including
the selection of the subset of the plurality of plugins, the
relationship, and the at least one rule or condition; generat-
ing, by the server, from the subset of the plurality of plugins,
the relationships, and the at least one rule or condition, a
learning course content for a learning application; and
transmitting the learning course content to at least one client
device for display.

Example 3: A method according to Example 4, further
including the steps of: storing 1n the database, by the server,
a plurality of user profile data; selecting, by the server, a user
profile 1 the plurality of user profile data; and updating, by
the server, the at least one rule or condition according to the
user profile.

Example 6: A method according to any of Examples 4 or
5, Turther including the steps of: determining, by the server,
from the at least one rule or condition and a relationship
between at least one plugin 1n the subset of the plurality of
plugins, a next course content to be displayed on a second
GUI; and transmitting, by the server, the second GUI to a
learner client device associated with the user profile.

Other examples and uses of the disclosed technology waill
be apparent to those having ordinary skill in the art upon
consideration of the specification and practice of the inven-
tion disclosed herein. The specification and examples given
should be considered exemplary only, and it 1s contemplated
that the appended claims will cover any other such embodi-
ments or modifications as fall within the true scope of the
ivention.

The Abstract accompanying this specification 1s provided
to enable the United States Patent and Trademark Oflice and
the public generally to determine quickly from a cursory
inspection the nature and gist of the technical disclosure and
in no way 1mtended for defining, determining, or limiting the
present invention or any of its embodiments.

What 1s claimed 1s:
1. A computing system for managing learning content, the
system comprising:
a database configured to store:
a set of screen plugins, and
a server comprising a computing device coupled to a
communication network and comprising at least one
processor executing instructions within a memory
which, when executed, cause the system to:
generate, for display on a client device, a graphical user
interface (GUI) comprising a content editor for
defining courseware, where the courseware includes
a first lesson;
receive, via the communication network, user input
comprising;:

a pathway type selection, via the GUI, selecting a
pathway type for the first lesson, the pathway type
defimng permissible pathway connections
between at least two screen plugins of the first
lesson;
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a selection of screen plugins, from the set of screen
plugins, indicating a subset of screen plugins to be
added to the first lesson, each screen plugin of the
subset of screen plugins including at least one
screen;

content definition, via the GUI, defimng content on
cach screen of the subset of screen plugins;

pathway connection information, via the GUI, defin-
ing one or more pathway connections between the
screens corresponding to the subset of screen
plugins 1n accordance with the pathway type; and

condition definition information, via the GUI, defin-
ing at least one condition for navigating the one or
more pathway connections between the screens
corresponding to the subset of screen plugins;
generate, from the pathway type selection, the selection
of screen plugins, the content definition, the pathway
connection information, and the condition definition
information, a learning course content for a learning
application; and

transmit, via the communication network, the learning
course content to the client device.

2. The computing system of claim 1, wherein the first
lesson 1s one of a plurality of lessons of a unit or course of
the courseware, and wherein the instructions, when
executed, cause the system further to:

receive, via the communication network, additional user

input comprising:

a second pathway type selection, via the GUI, selecting
a second pathway type for a second lesson of the
plurality of lessons;

a second selection of screen plugins, via the GUI,
indicating a second subset of screen plugins to be
added to the second lesson, each screen plugin of the
second subset of screen plugins including at least one
screen;

second content definition, via the GUI, defiming content
on each screen of the second set of screen plugins;

second pathway connection iformation, via the GUI,
defining one or more pathway connections between
the second subset of screen plugins 1n accordance
with the second pathway type; and

second condition definition information, via the GUI,
defining at least one second condition for navigating,
the one or more pathway connections between the
second subset of screen plugins; and

generate, based at least in part on the second pathway type

selection, the second selection of screen plugins, the

second content defimition, the second pathway connec-
tion information, and condition definition information,
the learning course content for the learning application.

3. The computing system of claim 2, wherein the first
pathway type and the second pathway type comprise differ-
ent pathway types.

4. The computing system of claim 2, wherein the instruc-
tions, when executed, cause the system further to:

receive, via the communication network, user input com-

prising;:

a third pathway type selection indicating a third path-
way type for the unit or course, the third pathway
type defining permissible pathway connections
between at least the first lesson and the second
lesson.

5. The computing system of claim 4, wherein the mnstruc-
tions, when executed, cause the system further to:

receive, via the communication network, user input com-

prising:
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a selection of the first lesson and the second lesson to
include 1n the learning course content for the learn-
ing application; and

generate the learning course content for the learning
application, 1n accordance with each of the first, sec-
ond, and third pathway type selections, to include at
least the first lesson and the second lesson.

6. The computing system of claim 5, wherein the first,
second, and third pathway type selections include one or
more of a free pathway type, a linear pathway type, a graph
pathway type, and a hub and spoke pathway type.

7. The computing system of claim 1, wherein the content
definition defines content, for a first screen of the first screen
plugin, to include a sub-lesson component, the sub-lesson
component including;:

a second subset of screen plugins selected from the set of

screen plugins,

a second pathway type defining permissible pathway
connections between screen plugins of the second
subset of screen plugins,

second pathway connection information defining one or
more pathway connections between the second subset
of screen plugins in accordance with the second path-
way type, and

second condition definition imnformation defining at least
one condition for navigating the one or more pathway
connections between the second subset of screen
plugins.

8. The computing system of claim 1, wherein the pathway
connection information defines, according to the pathway
type, one or more relationships between the subset of screen
plugins.

9. The computing system of claim 1, wherein the instruc-
tions, when executed, cause the system further to:

determine the pathway type selection represents selection
of a graph pathway type for the first lesson;

determine the pathway connection information defines,
according to the graph pathway type:

a first pathway connection between a first set of screens
corresponding to at least one first screen plugin of
the subset of screen plugins and a second set of
screens corresponding to at least one second screen
plugin of the subset of screen plugins, and

a second pathway connection between the first set of
screens to a third set of screens corresponding to at
least one third screen plugin of the subset of screen
plugins;

determine the condition definition information defines at
least one first condition for activating at least one of:
the first pathway connection, or the second pathway
connection; and

generate the learning course content for the learning
application with the first lesson comprising the graph
pathway type with the at least one first condition.

10. The computing system of claim 9, wherein the at least

one first condition corresponds to an assessment question.

11. The computing system of claim 1, wherein the set of
screen plugins 1n the database includes a stitched screen
plugin, and wherein the stitched screen plugin configures a
selection of screens 1n a stitched screen configuration.

12. The computing system ol claim 11, wherein the
stitched screen configuration configures the selection of
screens to be stitched together for continuous scroll through
the selection of screens.

13. The computing system of claim 1, wherein the at least
one screen includes at least one of:
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a stitched screen comprising a plurality of screens having
a stitched screen configuration to provide for continu-
ous scroll through the plurality of screens,

a standard screen decoupled from scrolling onto other
screens along the corresponding pathway connection,
or

a cover screen configured to introduce one or more
portions of the learning course content for the learning
application.

14. The computing system of claim 1, wherein the content
definition defines content including component plugins for
adding to one or more screens of the subset of screens.

15. The computing system of claim 1, wherein the instruc-
tions, when executed, cause the system further to:

generate, for display on the client device, a storyboard
rendering that graphically illustrates the subset of
screen plugins and the one or more pathway connec-
tions between the subset of screen plugins.

16. The computing system of claim 1, wherein the GUI

comprises a “What You See Is What You Get” (WYSIWYG)
content editor.

17. The computing system of claim 1, wherein the mstruc-
tions, when executed, further cause the system to:

store, 1n the database, a plurality of user profile data;

select a user profile 1n the plurality of user profile data;

and

update the learning course content according to the user

profile.

18. A method for managing learning content, the method
comprising;

generating, for display on a client device, a graphical user

interface (GUI) comprising a content editor for defining

courseware, where the courseware includes a first les-

S0n;

receiving, via a communication network, user iput com-

prising:

a pathway type selection, via the GUI, selecting a
pathway type for the first lesson, the pathway type
defining permissible pathway connections between
at least two screen plugins of the first lesson;

a selection of screen plugins, from a set of screen
plugins, indicating a subset of screen plugins to be
added to the first lesson, each screen plugin of the
subset of screen plugins including at least one
screen;

content definition, via the GUI, defining content on
cach screen of the subset of screen plugins;

pathway connection information, via the GUI, defiming
one or more pathway connections between the
screens corresponding to the subset of screen plugins
in accordance with the pathway type; and

condition definition information, via the GUI, defining
at least one condition for navigating the one or more
pathway connections between the screens corre-
sponding to the subset of screen plugins;
generating, from the pathway type selection, the selection

ol screen plugins, the content defimition, the pathway

connection nformation, and the condition definition

information, a learning course content for a learning
application; and

transmitting, via the communication network, the learning

course content to the client device.

19. The method of claim 18, wherein the first lesson 1s one
of a plurality of lessons of a unit or course of the courseware,
wherein the method further comprises:

receiving, via the communication network, additional

user mput comprising;
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a second pathway type selection, via the GUI, selecting
a second pathway type for a second lesson of the
plurality of lessons;

a second selection of screen plugins, via the GUI,
indicating a second subset of screen plugins to be
added to the second lesson, each screen plugin of the
second subset of screen plugins including at least one
screen;

second content definition, via the GUI, defining content
on each screen of the second set of screen plugins;

second pathway connection information, via the GUI,
defining one or more pathway connections between
the second subset of screen plugins 1n accordance
with the second pathway type; and

second condition definition information, via the GUI,
defining at least one second condition for navigating
the one or more pathway connections between the
second subset of screen plugins; and

generating, based at least 1n part on the second pathway
type selection, the second selection of screen plugins,
the second content definition, the second pathway
connection information, and condition definition infor-
mation, the learming course content for the learming
application.

20. The method of claim 18, wherein the content defini-
tion defines content, for a first screen of the first screen
plugin, to include a sub-lesson component, the sub-lesson
component including;:

a second subset of screen plugins selected from the set of

screen plugins,

a second pathway type defining permissible pathway
connections between screen plugins of the second
subset of screen plugins,

second pathway connection information defining one or
more pathway connections between the second subset
of screen plugins in accordance with the second path-
way type, and

second condition definition mformation defining at least
one condition for navigating the one or more pathway
connections between the second subset of screen
plugins.

21. The method of claim 18, further comprising:

determiming the pathway type selection represents selec-
tion of a graph pathway type for the first lesson;

determining the pathway connection imnformation defines,
according to the graph pathway type:

a first pathway connection between a first set of screens
corresponding to at least one first screen plugin of
the subset of screen plugins and a second set of
screens corresponding to at least one second screen
plugin of the subset of screen plugins, and

a second pathway connection between the first set of
screens to a third set of screens corresponding to at
least one third screen plugin of the subset of screen
plugins;

determinming the condition definition information defines
at least one first condition for activating at least one of:
the first pathway connection, or the second pathway
connection; and

generating the learning course content for the learning
application with the first lesson comprising the graph

pathway type with the at least one first condition.
22. The method of claim 18, wherein the at least one
screen 1ncludes at least one of:
a stitched screen comprising a plurality of screens having
a stitched screen configuration to provide for continu-
ous scroll through the plurality of screens,
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a standard screen decoupled from scrolling onto other
screens along the corresponding pathway connection,
or

a cover screen configured to mtroduce one or more
portions of the learning course content for the learning 5
application.

23. The method of claim 18, further comprising:

generating, for display on the client device, a storyboard
rendering that graphically illustrates the subset of
screen plugins and the one or more pathway connec- 10
tions between the subset of screen plugins.
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